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1 .1 The objective of this method is to provide a general procedure for the preparation of 
soil or solid waste samples for determination of metals by ICP-MS. The method is 
applicable to total leachable metals with the exception of mercury. 


2) Summary of Procedure 


2.1 A known amount of sample is digested with acid and peroxide by refluxing the sample 
in a hot block digester. The digestate is filtered (or allowed to settle), diluted to a 
specific volume, and analyzed by ICP-MS. The procedure is based upon SW-846 
Method 3050B. 


3) Definitions 


3.1 Preparation Batch: A grouping of 20 or less client samples processed under the same 
conditions, within an 8 hour working shift. 


3.2 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.3 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest. 


3.4 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix. 


3.5 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix. 


3.6 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process. 


3.7 HCI =Hydrochloric acid 


3.8 H
2
0


2 
=Hydrogen peroxide 


3.9 HN0
3
= Nitric acid 


3.10 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL). 


3.11 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.1 2 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 1 36, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes. 
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4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory. In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals. 


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses. 


4.3 Waste Management: The principal wastes generated by this procedure are the method
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required. Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed. 


5) Cautions 


5.1 To prevent contamination of the ICP-MS, all supplies and materials coming in contact 
with the samples and instrument must be pre-cleaned in 1 :4 HN0


3
• This step may be 


omitted for purchased materials of known cleanliness. 


5.2 Proper use and maintenance of pipettes is important to achieve good technique and 
obtain good LCS, MS, and MSD recoveries. Slow addition of H


2
0


2 
is critical. 


5.3 Use all appropriate personal protective equipment when handling concentrated acids. 
This includes gloves, lab-coat, and a face shield at a minimum. 


5.4 Samples will emit hazardous/noxious fumes upon addition of acid. Perform acid 
addition and sample digestion in a hood with adequate ventilation. 


6) Interferences 


6.1 Sludge samples can contain diverse matrix types, each of which may present its own 
analytical challenge. Spiked samples and any relevant standard reference material 
should be processed in accordance with the quality control requirements given in the 
Quality Control section to aid in determining whether this method is applicable to a 
certain waste. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities- This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst- It is the responsibility of the analyst(s) to: 
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7.2.2 


7.2.3 


7.2.4 
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Each must read and understand this SOP and follow it as written. Any 
deviations or non-conformances must be documented and submitted to the 
QA Manager for approval. 
Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009). 
Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 
Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 
The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor- It is the responsibility of the section supervisor to: 


7.3.1 Ensure that all analysts have the technical ability and have received adequate 
training required to perform this procedure. 


7.3.2 Ensure analysts have completed the required initial demonstration of 
proficiency before performing this procedure without supervision. 


7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 
when continuing to perform the procedure. 


7.3.4 Ensure analysts produce method compliant data that meet all quality 
requirements using this procedure and the Data Reduction, Review and 
Validation SOP. 


7.4 Project Manager- It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


7.5 .1 Approving deviations and non-conformances 
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements, 
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Soil samples are collected in 4 oz wide mouth glass containers. Refrigerated storage is 
not required. Should mercury analysis be required, soil samples must be refrigerated 
at 4·c prior to sample preparation. 


8.2 Digestates do not require refrigeration. 


8.3 The holding time is 1 80 days for soils. 


9) Equipment and Supplies 


9.1 Analytical Balance (capable of weighing to nearest 0.001 gram). 


9.2 Hot Block digester capable of maintaining a temperature of 95°C. 


9.3 50 ml digestion vessels 


9.4 Disposable watchglasses 
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9.5 Appropriately sized Class A volumetric flasks 


9.6 Auto-pipettes, various delivery volumes 


9.7 Filter mate®- 0.451Jm push filter 


9.8 Teflon® Chips, used as simulated solid matrix 


1 0) Standards and Reagents 
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1 0.1 Acids used in the preparation of standards and for sample processing must be of high 
purity. 


1 0.2 Concentrated HN0
3 


(Trace metal grade) 


1 0.3 Concentrated HCI (Trace metal grade) 


1 0.4 H
2
0


2 
(30 %) - (Un-stabilized Trace metal grade, if available) 


10.5 LCS and MS/MSD spiking solution (NIST traceable): 


1 0.5.1 A 27 element standard is used each at 10 ppm, with the exception of the 
minerals (Fe, Ca, Mg, Na, and Kat 1000 ppm) and Boron at 50 ppm. (Available 
from VHG, Custom Standard 901) 


1 0.5.2 Ti Standard@ 10 ppm and Si Standard@ 50 ppm: 


10.5 .2.1 Prepare using NIST traceable 1000 ppm Ti and Si stock standards. 
1 0.5.2.2 In a 500 ml volumetric flask, add 5 ml Ti stock standard, 25 ml Si 


stock standard, 1 0 ml HN0
3 


and 5 ml HCI to 300 ml Dl water. 
1 0.5.2.3 Bring to final volume of sao· ml with Dl. 


1 0.5.3 LCS/MS/MSD Soil Spiking: 


1 0.5.3.1 A 500 1-11 volume of each spike solution (1 0.5.1 and 1 0.5.2) is added 
to 1 .00 gram of solid matrix that has been transferred to the 
digestion vessel. 


1 0.5.3.2 Spiking of the sample shall be performed prior to the addition of 
any reagents. 


1 0.5 .3 .3 Following digestion, the digestate is brought to a final volume of 50 
ml and filtered or allowed to settle. 


1 0.6 LLQC Spiking solution (NIST traceable): 


1 0.6.1 Low-level Metals Mix Standard I w/ As, Ba, Cr, Co, Cu, Pb, Mn, Ni, Se, Ag, Sr, 
Tl, and V@ 0.5 mg/L and Be and Cd@ 0.2 mg/L and AI, Li, and Zn@ 1.0 
mg/L and B @ 2.0 mg/L and Fe @ 8.0 mg/L and Mg, K, and Na@ 20 mg/L 
and Ca@ 50 mg/L. (available from VHG ZALSLAB11 03-1 00 or equivalent) 


1 0.6.2 Low-level Metals Mix Standard II w/ Sn@ 0.2 mg/L and Sb, Mo, and Ti@ 0.5 
mg/L. (available from VHG ZALSLAB11 04-100 or equivalent) 


1 0.6.3 LLQC Soil Spike 


1 0.6.3 .1 Add 500 1-11 of each solution (1 0.6.1 and 1 0.6.2) to 1 .00 gram of 
solid matrix that has been transferred to the digestion vessel. 
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1 0.6.3 .2 


1 0.6.3 .3 


Spiking of the sample shall be performed prior to the addition of 
any reagents. 
Following digestion, the digestate is brought to a final volume of 
50ml then filtered or allowed to settle. 


11) Method Calibration 


11 .1 Perform support equipment (balances, etc.) calibration checks as required for daily 
use. 


12) Sample Preparation/Analysis 


12.1 Assure sample has been thoroughly homogenized utilizing appropriate techniques. 
Weigh (to the nearest 0.001 g) a 0.500g- 1 .OOOg portion of sample into a labeled 50 
ml digestion vessel. 


12.1 .1 For MBLK, LCS, and LLQC weigh out,..., 1 .OOOg Teflon® chips. 
12.1 .2 For MS/MSD, parent samples, and duplicates, weigh out, as close as possible, 


equivalent masses in order to provide consistent calculations by LIMS. 


12.2 Spike all QC samples prior to the addition of reagents. 


12.3 Add 5 ml Dl water, 5 ml concentrated HN0
3


, and 1 ml concentrated HCI to the 
digestion vessel, mix the slurry, and cover with a ribbed watch glass. (Note: HCI is 
added prior to digestion to keep Ag in solution and preserve acceptable recovery.) 


12.4 Reflux samples in the hot block at 90°- 95° C. Record digestion temperature in the 
associated logbook. Do not allow samples to boil. 


12.5 


12.6 


12.7 


12.8 


12.9 


12.4.1 Note: If brown fumes are observed during digestion, add an additional 5 ml 
of concentrated HN0


3 
to the vessel and cover with a ribbed watch glass; heat 


until volume is reduced to 5 - 1 0 mi. 


Allow samples to digest for 45 minutes, then remove samples and cool. (Maintain a 
volume of at least 5 ml using Dl). 


Add 1 .5 ml of 30% hydrogen peroxide (H
2
0). Cover with the ribbed watch glass and 


return the vessels to the hot block for warming, to start the peroxide reaction. Care 
must be taken to ensure that losses do not occur due to excessively vigorous 
effervesce nee. 


Continue to add H 0 in 1 ml aliquots with warming until the effervescence is minimal 
or until the general s


2


ample appearance is unchanged. (NOTE: do not add more than a 
total of 5 ml of H


2
0


2
.) 


Cover the digestion vessel and return to Hotblock under partial heat for 1 5 minutes, or 
until peroxide reaction has completed. 


Remove samples from the block and cool. 


12.10 Upon completion of the digestion, bring to a final volume of 50 ml using Dl water and 
cap. Shake the capped digestates to homogenize acid and water layers. 


1 2.11 Filter the dig estate using a Filtermate® filter, or allow particulates to settle prior to 
analysis. 
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Appropriately label all storage containers. The label must include the sample ID and 
Prep Batch I D. 


12.1 3 A sample batch is all samples of the same matrix, digested by the same method on a 
unit basis. A sample batch cannot exceed 20 samples. If more than 20 samples 
require analysis, the first 20 shall be the first batch, the next 20 shall be the second 
batch, and so forth. 


13) Troubleshooting 


13.1 Refer to determinative method for guidance. 


14) Data Acquisition 


14.1 Sample preparation data recorded in preparation logbooks is entered into LIMS for 
later use in analytical and QC calculations. LIMS assigns a prep batch number for the 
data entered. Record the LIMS prep batch number in the prep log. 


1 5) Calculation, and Data Reduction Requirements 


15.1 LIMS uses prep batch information including initial sample weight and final volume to 
perform calculations after analysis has been completed. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Method Blank (MBLK): The method blank is a clean solid matrix (Teflon® chips) 
containing the same reagent percentages and processed as a sample. The method 
blank is used to verify the absence of bias in analytical results due to the laboratory 
reagents. 


16.1 .1 Frequency: One per batch (s 20 samples) of sample digestions. 
16.1 .2 Criteria: Refer to relevant section in the determinative method SOP (HN-MET-


008). 


16.2 Laboratory Control Sample: 


16.2.1 The LCS is prepared by adding 500 IJL of the NIST traceable standard (section 
1 0.5) to ..... 1 .OOOg Teflon chips and processing as a sample. 


16.2.2 Frequency: One LCS per batch of sample extractions. The results of the LCS 
are used for determining acceptability of results. 


16.2.3 Criteria: Refer to the relevant section of the determinative method SOP (HN
MET-008). 


16.3 Matrix Spike/Matrix Spike Duplicate: 


16.3.1 The matrix spike is prepared by adding 500 JJL of NIST traceable standard 
(section 1 0.5) to the sample labeled as the matrix spike and matrix spike 
duplicate. The sample is then processed. 


16.3.2 Frequency: Matrix spikes will be analyzed on a frequency of one spike set for 
each 20 samples analyzed. If fewer than 20 samples are in a batch, at least 
one spike set will be included. 


16.3 .3 Criteria: Refer to the relevant section of the determinative method SOP (HN
MET-008). 
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16.4.1 Frequency: Sample duplicates will be analyzed on a frequency of one for each 
20 samples analyzed on a matrix specific basis. If fewer than 20 samples are 
in a batch, at least one duplicate will be included. 


16.4.2 A matrix spike duplicate may be substituted for the duplicate analysis. 
16.4.3 Criteria: Refer to the relevant section of the determinative method SOP (HN


MET-008). 


16.5 Low-Level Quality Control sample (LLQC): 


16.5.1 The LLQC is prepared by adding 500 J..IL of NIST traceable standard (section 
1 0.6) to .... 1 .OOOg Teflon chips and processing as a sample. 


16.5 .2 Frequency: One LLQC sample extracted per quarter. The results of the LLQC 
are used for determining ongoing performance of the method at low 
concentrations. 


16.5 .3 Criteria: Refer to the relevant section of the determinative method SOP (HN
MET-008). 


16.6 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


1 7) Data Records Management 


1 7.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks. If not-applicable then line 
out the section. "Z" out or "X" out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data. 


1 7.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


1 8) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible. 


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
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flagged and narrated. This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate). 


All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data. 


NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


1 9) Method Performance 


20) 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data. 


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 


Summary of Changes 
Table 20.1 Summary of Changes 
-t~Revlsio-tr~~ ~·- 'Effecfrvec~~~ .--~- ¥D~ocru~mehf'c


0


c~ 
_ . __ r~f\Jatti:tifi~:-~ ::;;i·~:W_ate; _ - -_ ~cEHltor -· __ _ 


R04 7/1/12 CES 
ROS 10/1/2013 CES Formatting; Addition of dry-spiking 


re uirement 


21) References and Related Documents 


21 .1 U.S. Environmental Protection Agency, "Method 30508 Acid Digestion of Sediments, 
Sludges and Soils", Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update Ill, June 1 3, 1 997. 


21 .2 ALS Environmental Quality Assurance Manual, Revision (most current) 
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SEMI-VOLATILE ORGANIC COMPOUNDS 


1) Scope and Applicability 


1.1 This method can be used to quantitate most neutral, acidic, and basic organic 
compounds that are soluble in methylene chloride and capable of being eluted without 
derivatization as sharp peaks from a gas chromatographic fused-silica capillary column 
coated with a slightly polar silicone. Such compounds include polynuclear aromatic 
hydrocarbons, chlorinated hydrocarbons and pesticides, phthalate esters, 
organophosphate esters, nitrosamines, haloethers, aldehydes, ethers, ketones, 
anilines, pyridines, quinolines, aromatic nitro compounds, and phenols.  


1.2 This method, and associated extraction procedures, is applicable to a variety of 
matrices including: drinking water, non-potable water, solid/chemical materials, 
biological tissues, and air/emissions.  This method is based upon and compliant with 
SW846 8270C, 8270D, and EPA 625. 


2) Summary of Procedure 


2.1 Samples are extracted utilizing the appropriate method/SOP for semivolatile extraction 
of the sample matrix type. The extracts are analyzed using GC/MS techniques. The 
routinely reported standard target compound list are those compounds marked with 
an * in Table 2.1.  


2.2 Typical Method Quantitation/Reporting Limit (MQL/MRL) for this method for 
determining an individual compound is approximately 330 ug/kg (wet weight) for 
soil/sediment samples, 1-200 mg/kg for wastes and approximately 10 ug/L for 
groundwater samples.  MQL/MRLs will be proportionately higher for sample extracts 
that require dilution to avoid saturation of the detector or chromatographic system. 
MQL/MRLs, and all other calculated concentrations, shall be based upon values 
obtained from sample extracts processed according to this SOP and the applicable 
extraction procedure SOP HN-EXT-001, HN-EXT-002, HN-EXT-003, or HN-EXT-013. 


TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 µg/L 


Solid MQL1 
µg/Kg 


1,2,4,5-Tetrachlorobenzene 216 214,  218 10 330 


1,2,4-Trichlorobenzene* 180 182, 145 5 160 


1,2-Dichlorobenzene* 146 148, 111 5 160 


1,2-Dinitrobenzene 168 50, 63 5 330 


1,2-Diphenylhydrazine (azobenzene)* 77 105, 182 5 160 


1,3-Dichlorobenzene* 146 148, 111 5 160 


1,3-Dinitrobenzene 168 76, 75, 122 5 160 


1,4-Dichlorobenzene* 146 148, 111 5 160 


1,4-Dichlorobenzene-d4 (I.S.)* 150 152, 115 5 330 


1,4-Dinitrobenzene 168 75, 76 5 330 


1,4-Naphthoquinone 158 102, 130 5 160 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 µg/L 


Solid MQL1 
µg/Kg 


1,4-Phenylenediamine 108 80, 107 5 330 


1-Chloronaphthalene 162 127, 164 5 330 


1-Napthylamine 143 115, 116 20 660 


2,3,4,6-Tetrachlorophenol 232 131, 230 20 660 


2,4,5-Trichlorophenol* 196 198, 132 5 160 


2,4,6-Tribromophenol (surr.)* 330 332, 141 5 330 


2,4,6-Trichlorophenol* 196 198, 132 5 160 


2,4-Dichlorophenol* 162 164, 98 10 160 


2,4-Dimethylphenol* 107 122, 121 5 330 


2,4-Dinitrophenol* 184 91, 107 5 660 


2,4-Dinitrotoluene* 165 63, 89 5 160 


2,6-Dichlorophenol 162 164, 98 10 160 


2,6-Dinitrophenol 184 126, 63 5 160 


2,6-Dinitrotoluene* 165 63, 89 5 160 


2-Acetylaminofluorene 181 180, 223 5 160 


2-Chloronaphthalene* 162 127, 164 5 6.67 


2-Chlorophenol* 128 64, 130 5 160 


2-Fluorobiphenyl (surr.)* 172 171 5 330 


2-Fluorophenol (surr.)* 112 64 5 330 


2-Methylnapthalene* 142 141, 115 5 6.67 


2-Methylphenol* 107 108, 77 5 160 


2-Naphthylamine 143 115, 116 20 660 


2-Nitroaniline* 65 92, 138 20 660 


2-Nitrophenol* 139 109, 65 5 160 


2-Picoline 93 66, 92 10 330 


3,3'-Dichlorobenzidine* 252 254, 126 5 660 


3,3'-Dimethoxybenzidine 244 201, 229 5 330 


3,3'-Dimethylbenzidine 212 213, 211 20 660 


3-Methylphenol 107 108, 77, 79, 90 5 160 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 µg/L 


Solid MQL1 
µg/Kg 


3-Nitroaniline* 138 65, 92 20 660 


4,6-Dinitro-2-methylphenol* 198 51, 105 20 330 


4-Aminobiphenyl 169 168, 170 20 660 


4-Bromophenyl phenyl ether* 248 250, 141 5 160 


4-Chloro-3-methylphenol* 107 144, 142 5 160 


4-Chloroaniline* 127 129, 92 20 660 


4-Chlorophenyl phenyl ether* 204 206, 141 5 160 


4-Methylphenol* 107 108, 77 5 160 


4-Nitroaniline* 138 108, 92 20 660 


4-Nitrophenol* 65 109, 139 20 660 


5-Nitro-o-toluidine 152 77, 106 5 160 


7,12-Dimethylbenz(a)anthracene 256 241, 239 5 160 


a,a-Dimethylphenylamine 58 91, 42 10 160 


Acenaphthene* 154 153, 152 5 6.67 


Acenaphthene-d10 (I.S.)* 164 162, 160 5 330 


Acenaphthylene* 152 151, 153 5 6.67 


Acetophenone 105 71, 51, 120 1 330 


Aniline* 93 66, 65 20 660 


Anthracene* 178 176, 179 5 6.67 


Benz(a)anthracene* 228 229, 113 5 6.67 


Benzidine* 184 92, 185 50 660 


Benzo(a)pyrene* 252 253, 125 5 6.67 


Benzo(b)fluoranthene* 252 253, 125 5 6.67 


Benzo(g,h,i)perylene* 276 138, 277 5 6.67 


Benzo(k)fluoranthene* 252 253, 125 5 6.67 


Benzoic acid* 122 105, 77 50 100 


Benzyl Alcohol* 108 79, 77 20 660 


Bis(2-chloroethoxy) methane* 93 95, 123 5 160 


Bis(2-chloroethyl) ether* 93 63, 95 5 160 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 µg/L 


Solid MQL1 
µg/Kg 


Bis(2-chloroisopropyl) ether* 45 77, 121 5 160 


Bis(2-ethylhexyl)phthalate* 149 167, 279 5 330 


Butyl benzyl phthalate* 149 91, 206 5 160 


Chrysene* 228 226, 114 5 6.67 


Chrysene-d12 (I.S.)* 240 120, 236 5 330 


Dibenz(a,h)anthracene* 278 139, 279 5 6.67 


Dibenz(a,j)acridine 279 280, 277, 250 10 330 


Dibenzofuran* 168 139, 84 5 160 


Diethylphthalate* 149 177, 150 20 330 


Dimethylaminoazo benzene 120 77, 225 10 160 


Dimethylphthalate* 163 194, 164 20 330 


Di-n-butylphthalate* 149 150, 104 5 330 


Di-n-octylphthalate* 149 150, 279 5 330 


Diphenylamine 169 168, 167 5 330 


Ethyl methanesulfonate 79 109, 97 5 160 


Fluoranthene* 202 101, 203 5 6.67 


Fluorene* 166 165, 167 5 6.67 


Hexachlorobenzene* 284 142, 249 5 160 


Hexachlorobutadiene* 225 223, 190 5 160 


Hexachlorocyclopentadiene* 237 235, 272 20 330 


Hexachloroethane* 117 201, 199 5 160 


Hexachlorophene 196 198, 209, 211, 406, 408 40 330 


Hexachloropropene 213 211, 215 20 660 


Hydroquinone 110 81, 53, 55 5 330 


Indeno(1,2,3-cd)pyrene* 276 138, 227 5 6.67 


Isophorone* 82 95, 138 5 160 


Isosafrole 162 131, 161 10 330 


Methylmethanesulfonate 80 79, 65 10 330 


Napthalene* 128 102, 127 5 6.67 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 µg/L 


Solid MQL1 
µg/Kg 


Napthalene-d8 (I.S.)* 136 68 5 330 


Nitrobenzene* 123 77, 65 5 160 


Nitrobenzene-d5 (surr.)* 82 128, 54 5 330 


N-Nitrosodibutylamine 84 57, 116 10 330 


N-Nitrosodiethylamine 102 42, 44 10 330 


N-Nitrosodimethylamine 42 74, 43 5 160 


N-Nitrosodi-n-propylamine* 70 42, 130 5 160 


N-Nitrosodiphenylamine* 169 168, 167 5 160 


N-Nitrosomethylethylamine 42 88, 43 5 160 


N-Nitrosopiperidine 42 114, 55 5 330 


N-Nitrosopyrrolidine 100 41, 42 10 330 


o-Toluidine 106 107, 77 10 330 


p-Benzoquinone 108 54, 82, 80 5 330 


p-Cresidine 122 94, 137, 77, 93 5 330 


Pentachlorobenzene 250 252, 248 20 660 


Pentachloronitrobenzene 237 214, 295 10 660 


Pentachlorophenol* 266 264, 165 10 330 


Perylene-d12 (I.S.)* 264 260, 265 5 330 


Phenacetin 108 179, 109 5 130 


Phenanthrene* 178 179, 176 5 6.67 


Phenanthrene-d10 (I.S.)* 188 94, 80 5 330 


Phenol* 94 65, 66 5 160 


Phenol-d6 (surr.)* 99 42, 71 5 330 


Pyrene* 202 101, 203 5 6.67 


Pyridine* 79 52, 50 20 160 


Terphenyl-d14 (surr.)*  244 122, 212   5 330 


           *Target Compound List                       I.S. = Internal Standard                               surr. = Surrogate   
1MQL are periodically evaluated, refer to the LIMS test code for current limits 


Compound list may be expanded as long as all appropriate demonstration of capability criteria are met. 
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3) Definitions 
3.1 GC/MS: Gas Chromatograph/Mass Spectrometer  


3.2 Organic Free Water: De-ionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm).  


3.3 Decafluorotriphenylphosphine (DFTPP):  Chemical standard used to verify instrument 
tune parameters. 


3.4 Initial calibration verification (ICV):  A second source standard utilized to verify the 
accuracy of the initial calibration. 


3.5 Continuing calibration verification (CCV):  Calibration standard utilized to verify the 
accuracy of the established initial calibration.    


3.6 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.7 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.8 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.9 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.10 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.11 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which is not normally found in 
environmental samples.  


3.12 Sporadic Marginal Exceedance (SME):  Statistical probability that a set number of data 
points will fall outside the normal gaussian distribution curve when evaluated against a 
multi-component system. 


3.13 Extracted Ion Current Profile (EICP): A plot of ion abundance versus time or scan 
number. 


3.14 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.15 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.16 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  
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4) Health and Safety Warnings 
4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 


coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Refer to SOP HN-EQ-004, Preventative 
Maintenance for additional information. 


6) Interferences 
6.1 Organic compounds present in extraction solvents and glassware contamination in the 


laboratory account for the majority of contamination problems. The analytical system 
must be demonstrated to be free from contamination under the conditions of the 
analysis by running laboratory method and instrument blanks.  


6.2 Raw GC/MS data from all blank samples and spikes must be evaluated for 
interferences. Determine whether a source of interference is from a sample preparation 
and/or cleanup step, and perform required corrective action.   


6.3 Contamination by carry-over can occur whenever high-concentration and low-
concentration samples are sequentially analyzed. To reduce carryover, the sample 
syringe must be rinsed with solvent between sample injections.  Whenever an 
unusually concentrated sample is encountered, it should be followed by the analysis of 
solvent to check for cross-contamination.  


6.4 Matrix interferences may be caused by contaminants that are co-extracted from a 
sample. The extent of matrix interferences will vary considerably from source to 
source, depending upon the nature and diversity of the industrial complex or 
municipality being sampled.   
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6.5 Benzidine can be subject to oxidative losses during solvent concentration.  Care must 
also be taken to minimize active sites in the chromatographic system. 


6.6 Hexachlorocyclopentadiene may be subject to GC thermal decomposition, chemical 
reaction with acetone, and/or photochemical decomposition. 


6.7 N-nitrosodimethylamine is difficult to separate from the solvent front.  N-
nitrosodiphenylamine may decompose in the inlet system and may elute with 
diphenylamine 


6.8 Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-methylphenol, 4-
chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 4-chloroaniline, and 
benzyl alcohol are subject to erratic behavior – especially if the chromatographic 
system is contaminated with high boiling material. 


6.9 Pyridine may perform poorly at the method documented GC injection port 
temperature. 


7) Personnel Qualifications and Responsibilities 
7.1 General Responsibilities - This method is restricted to use by or under the supervision 


of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 
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requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Water samples are collected in 1-liter glass jars with Teflon-lined lids.  Aqueous 
samples must be extracted within 7 days of collection and stored at 4°C until 
extraction.   


8.2 Soil samples are collected in glass jars with Teflon-lined lids. Solid samples must be 
extracted within 14 days of sample collection and stored at 4°C until extraction.  


8.3 Water samples are prepared by separatory funnel extraction (method 3510C). The 
samples is first extracted at pH <2 and then extracted at a pH >11.  


8.4 Soil samples are extracted by method 3540C (soxhlet extraction), 3541 (automated 
soxhlet), or 3550 (ultrasonic extraction). 


8.5 Sample extracts shall be stored at 0-6 °C in designated areas.  Sample extracts must be 
analyzed within 40 days of the extraction date. 


9) Equipment and Supplies 


9.1 Syringes: 10, 25, 50, 100, 500, 1000, 5000 ul. 


9.2 Volumetric Flasks, Class A: 10 ml and 25 ml.  


9.3 Analytical Balance: capable of measuring to nearest 0.0001 gram (0.1 milligram).  


9.4 Vials-amber glass with teflon-lined screw caps and/or crimp tops.   


9.5 Semi-Volatile Unit #1 (SMS4) = HP 6890 Series GC with HP 5973 MSD  


9.6 Semi-Volatile Unit #2 (SMS5) = Agilent 6890 GC with Agilent 5973 MSD  


9.7 GC Columns – Capable of resolving the compounds listed in Table 2.1 in section 2 of 
this SOP.  Silicone coated fused-silica capillary column - 30 meters long by 0.25 mm ID 
with a 0.25 µm film thickness. 


 
9.7.1 Restek RTx-5Sil-MS, Catalog # 12623-124.  
9.7.2 Zebron Semivolatiles 


9.8 Data System: A Windows computer system with Agilent Chemstation is interfaced with 
a mass spectrometer system to continuously acquire all mass spectra that is generated 
by the mass spectrometer during the chromatographic run. The data is electronically 
transferred to EnviroQuant for evaluation and archiving.  


9.9 Mass Spectrometer: HP/Agilent system capable of producing a mass spectrum that 
meets method tune criteria when 50ng of DFTPP (Sec 10.8) is injected.  


9.10 HP/Agilent GC/MS Operating Conditions (SMS4 & SMS5): The mass spectrometer is set 
at 70 electron volts and a scan range of 35-500 m/e. Injection volume = 1 ul.  


9.11 GC System Conditions for analysis are listed in table 9.11:   
 


Table 9.11  - GC System Conditions 
System/Condition: SMS 4 (HP6890/5973) SMS 5, 6, 7 (Agilent7890/5975)  


Injector Temperature: 250oC 280oC 
MS Source Temp: 230oC 230oC 
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Table 9.11  - GC System Conditions 
MS Quad Temp: 150oC 150oC 


Transfer line Temp 280oC 320oC 
Helium carrier gas 


flow program rate: 
Mode: Pulsed Splitless 
Pulse Pressure: 30psi 
Pulse Time: 1.5 min 


Split Flow: 52.9 ml/min 
Split Time: 1.0 min 


Split Ratio: 54:1 
Post Pulse Flow: 0.9ml/min 


Mode: Pulsed Split 
Constant Flow: 1.4 min 
Split Flow: 14 ml/min 


Split Ratio: 10:1 
Post Pulse Flow: 0.9ml/min 


GC Temp Program :   
Initial GC Oven 40oC, hold 4.0 min. 40oC, hold 0.5 min. 


Oven Temp Rate 1: 200oC  @20oC /min. 260oC  @ 40oC /min., hold 0.5 
min. 


Oven Temp Rate 2: 325oC  @25oC /min. 295oC  @ 6oC /min., hold 1 min. 
Oven Temp Rate 3:  325°C @ 25°C/min. 
Oven Hold Time: 7 min 0.22 min 


10) Standards and Reagents 


10.1 Methylene Chloride - Pesticide grade or higher 


10.2 Methanol (MeOH) – Reagent grade or higher  


10.3 Stock Acid Surrogates @ 2000 ug/ml: Restek cat. #31025  


10.4 Stock BN Surrogates @ 1000 ug/ml: Chem Service BN Surrogate Std Mix, #CLP_2M 
       


SVOA Surrogates 
Surrogate Compound Fraction 


  
Phenol – d


6
 Acid 


2-Fluorophenol Acid 
2,4,6-Tribromophenol Acid 
Nitrobenzene-d


5
 Base – Neutral 


2-Fluorobiphenyl Base – Neutral 
p-Terphenyl-d


14
 Base – Neutral 


 


10.5 BNA Surrogate Mix @ 500 ug/ml 
 


10.5.1 Quantitatively transfer 1000 ul of the stock Acid surrogate mix (Section 10.3) 
to a clean amber vial 


10.5.2 Quantitatively transfer 2000 ul of the stock BN surrogate mix (Section 10.4) to 
the vial 


10.5.3 Quantitatively transfer 1000 ul of methylene chloride to the vial 
10.5.4 Label appropriately and store at -100C 
10.5.5 Replace every six months or if degradation is noted. 
10.5.6 The expiration date cannot exceed that of any parent mix. 


10.6 Stock Internal Standard Mix @ 4000 ug/ml: Restek cat. #31006 
 


10.6.1 Stock SV Internal Standards, 4000 µg/ml: Restek cat. #31006   
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10.7 Stock Tuning Standard: DFTPP/Pentachlorophenol /Benzidine/4,4’-DDT @ 1000 ug/ml: 
Restek cat. #31615    


 
10.7.1 Intermediate Tuning Standard @ 50 ug/ml: 


 
10.7.1.1 Add 950 ul of methylene chloride to 50 ul stock standard in a 1 ml 


vial. 
10.7.1.2 This solution must be prepared fresh every 6 months or if 


degradation is noted.  The expiration date of this solution may not 
exceed that of its parent stock.  


10.8 SV Standards: Certified standards are purchased at typical concentrations of 1000 
ug/ml to 2000 ug/ml. Stock standards used to prepare calibration intermediates 
standards are typically prepared from several multi-component mixes that are 
purchased from a same vender, whose components are vender designed to build larger 
calibration mixes needed for most 8270 analyte list applications. Should certain 
calibration compounds co-elute to a point that mass resolutions cannot be adequately 
made, these compounds shall be separated during preparation and analysis during 
calibration procedures.  The following is a typical example of the Intermediate 
Calibration Standard  


 
10.8.1 Restek 3180-8270 Mega Mix (1000 ug/mL). 
10.8.2 Restek 31852-8270 Benzidines Mix #2 (2000 ug/mL). 
10.8.3 Restek 31879 Benzoic Acid (2000 ug/mL). 


10.9 Typical SV Intermediate Calibration Standard @ 200 ppm:   
 


10.9.1 This type of standard will cover the routine Target Analyte List noted in Table 
2.1.  Class A volumetric flasks must be used for volume measurements. 
Standards should be prepared in methylene chloride. Prepare a new 
intermediate standard every six months. 


 
Table 10.9 - SV Intermediate Calib. Standard @ 200 ppm  


Stock Name Stock 
Conc., ppm 


Amt Added, 
ml 


Final Volume, 
ml 


Final Conc. 
ppm 


Mix 1 1000 2.0  
10 


 


 
200 


 Mix 2 2000 1.0 


Mix 3 2000 1.0 


 


10.10 Initial and Continuing Working Calibration Standards: These standards are prepared at 
minimally six levels as follows using the intermediate standard prepared in Table 10.9. 
 


Standard 
Name 


Intermediate 
Std. @ ug/ml 


Amt  
ul 


Final 
Volume 


ml 


Final 
Conc. 
ug/ml 


BNA 
Surrogate 


ul 


Internal 
Standard 


ul 
Cal A 200 0.5 1.0 0.10 0.5 10 
Cal B 200 2.5 1.0 0.50 1 10 
Cal C 200 5 1.0 1.0 2 10 
 Cal D 200 25 1.0 5.0 10 10 


Cal E 200 50 1.0 10.0 20 10 
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Cal F 200 100 1.0 20.0 40 10 


Cal G 200 200 1.0 40.0 80 10 


 Cal H 200 250 1.0 50.0 100 10 


Cal I 200 300 1.0 60.0 120 10 
 


10.11 LCS Spike Stock Standards: Stock SV Analyte certified standards are purchased at 
typical concentrations of 1000 µg/ml to 2000 µg/ml. The following is a typical 
example for the preparation of the LCS Full List Intermediate Spike Standard  


 
10.11.1 8270 Mega Mix cat. #31850. 


 
10.11.2 LCS Spike Working Solution 
 


10.11.2.1 LCS Spike Working Solution @ 40 ug/ml 
 


10.11.2.1.1 Add 1 ml of the Mega Mix Stock (Section 10.11.1) to 
approximately 30 ml of 1:1 P&T methanol and methylene chloride 
in a 50 ml Class A volumetric flask. 


10.11.2.1.2 Bring to volume with 1:1 P&T methanol and methylene 
chloride. 


10.11.2.1.3 Transfer to an appropriately labeled container. 
10.11.2.1.4 Replace every 6 months or if degradation is noted.  The 


expiration date may not exceed that of its parent stock. 
   


10.11.3 Initial Calibration Verification (ICV) Standard:  A second source standard must 
be used to verify the accuracy of the initial calibration curve.  The following is 
a typical example of the ICV standard. 


 
10.11.3.1 ICV Stock Standards @ 2000 ug/ml and 1000 ug/ml 
 


10.11.3.1.1 Benzidine Mixture US-105N Ultra @ 2000 ug/ml in 
methanol. 


10.11.3.1.2 Custom Mix 20927270 Supelco @ 2000 ug/ml in 
methanol. 


10.11.3.1.3 CLP semivolatiles calibration mix Supelco @ 1000 ug/ml 
in 75:25 methylene chloride and benzene. 


 
10.11.3.2 ICV Working Standard @ 200 ug/ml 
 


10.11.3.2.1 Add 1 ml of 10.11.3.1.1 and 10.11.3.1.2, and 2 ml of 
10.11.3.1.3 stock standards to a 10ml Class A volumetric flask. 


10.11.3.2.2 Bring to volume with methylene chloride. 
10.11.3.2.3 Transfer to an appropriately labeled container. 
10.11.3.2.4 Replace every 6 months or if degradation is noted.  The 


expiration date may not exceed that of any of its parent stock. 
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10.12 Reagent Storage: Transfer the mixtures to multiple 1-mL glass vials with Teflon™-lined 
caps and store in the freezer at -10 °C.  Working standards should be prepared as 
needed from stocks. Stock standards should be replaced after 1 year or sooner if a 
manufacturer expiration date has been reached.  Prepared intermediate standards 
should be replaced every 6 months or sooner if a component expires sooner.   


10.13 Reagent Preparation Records: Record Stock Standards in the Chemical Inventory Log-
book and record all standards prepared in the Standard Preparation Logbook according 
to SOP HN-QS-001 (latest revision thereof). Label standards appropriately to ensure 
traceability and to provide for cross-referencing to other records. 


10.14 SV Surrogate Spiking Solution @ 100 ug/ml, Environmental Express #M0011 (tinted):  
This solution contains p-terphenyl-d14, 2-fluorobiphenyl, nitrobenzene-d5, phenol-d5, 
2,4,6-tribromphenol, and 2-fluorophenol. 


10.15 Storage temperatures 
 


10.15.1 All stock standards should be stored at the manufacturer’s temperature 
recommendations or at –100C. 


10.15.2 All calibration standards and tune standards should be stored at –100C. 
10.15.3 All sample extracts should be stored at 40C. 


11) Method Calibration 


11.1 Instrument Tune 
 


11.1.1 Inject 50 ng of DFTPP Tuning Mix (Section 10.7.1). The tuning criteria in Table 
11.1 must be achieved prior to analytical operations. This criterion must be 
demonstrated for every twelve-hours of operation.  


 
Table 11.1 – DFTPP tuning Criteria 


Mass M/z Abundance Criteria 


51 10-80% of mass 198 


68 Less than 2% of mass 69 present 


69 0-100% of mass 198 


70 Less than 2% of mass 69 present 


127 10-80 % of mass 198 


197 Less than 1% of mass 198 


198 Base peak, 100% relative abundance 


199 5-9% of mass 198 


275 10-60% of mass 198 


365 Greater than 1 % of mass 198 


441 Present but less than mass 443 


442  50-100% of mass 198 


443 15-24 percent of mass 442 


 
11.1.2 When performing the above tune, the mass spectrum of DFTPP is acquired 
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using the following approach: three scans (the peak apex scan and the scans 
immediately preceding and following the apex) are acquired and averaged. 
Background subtraction is required, and must be accomplished using a single 
scan acquired no more than 20 scans prior to the elution of DFTPP.  


11.1.3 The Tuning Mix also contains pentachlorophenol, benzidine, and DDT. 
Benzidine and pentachlorophenol are used to evaluate peak tailing. DDT is 
used to evaluate whether degradation to DDD and DDE is occurring.   


 
11.1.3.1 Tuning standard evaluation for benzidine:  
 


11.1.3.1.1 The calculated benzidine tailing factor should be < 2 and 
must be < 3.   


11.1.3.1.2 Perform column maintenance if the tailing factor does not 
meet criteria and repeat. 


 
11.1.3.2 Tuning standard evaluation for pentachlorophenol:  
 


11.1.3.2.1 The calculated pentachlorophenol tailing factor should be < 
2 and must be < 5.   


11.1.3.2.2 Perform column maintenance if the tailing factor does not 
meet criteria and repeat.  


 
11.1.3.3 Tuning standard evaluation for DDT:  
 


11.1.3.3.1 Degradation of DDT to DDE and DDD should not exceed 20 
%.  


11.1.3.3.2 Perform column maintenance if the degradation does not 
meet criteria and repeat. 


 
11.1.3.4 Document instrument tune criteria via a graphics hardcopy of the 


chromatogram and spectrum, a mass listing normalized to 198 = 
100%, and a copy of the tune form.  


11.1.3.5 Benzidine, pentachlorophenol, and degradation criteria must be 
achieved prior to proceeding with analysis. 


11.2 Initial Calibration  
 


11.2.1 At a minimum, five calibration solutions (six if quadratic modeling is used) 
containing both target compounds, surrogates, and internal standards shall 
be analyzed to document linearity of the instrument.  The lowest level of 
calibration must be at or below the established MRL/PQL, and the highest 
calibration level must encompass the reported analytical range.  The 
remaining calibrations solutions should be evenly spaced between the lowest 
and highest standards.  Initial calibration must be performed and verified 
prior to sample analysis.  The initial calibration must be completed within 12 
hours of the associated instrument tune check (Section 11.1). 


11.2.2 Relative response factors (RRF) and percent relative standard deviation (%RSD) 
for each target compound at each calibration level are tabulated and assessed 
against method criteria. Refer to Section 15 for calculation of the RRF and the 
RSD.  


11.2.3 System Performance Check Compounds: The compounds listed in Table 
11.2.3 are required to meet the minimum average RF values. These checks 
evaluate compound degradation and system.  


 


Uncontrolled Document







SVOCs by 8270C/D - 625 
 HN-SMS-001-R06 
 Effective: 10/15/2013 
 Page 15 of 37 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


Table 11.2.3 – Required RF limits 


Analyte 8270C RF 
Limits 


8270D RF 
Limits 


Internal Standard 


    
1,2,4,5-Tetrachlorobenzene  0.010 Acenaphthene-d10 
1,2,4-Trichlorobenzene   Napthalene-d8 
1,2-Dichlorobenzene   1,4-Dichlorobenzene-d4 
1,2-Dinitrobenzene   Not method defined, default to use closest IS 
1,2-Diphenylhydrazine   Not method defined, default to use closest IS 
1,3-Dichlorobenzene   1,4-Dichlorobenzene-d4 
1,3-Dinitrobenzene   Not method defined, default to use closest IS 
1,4-Dichlorobenzene   1,4-Dichlorobenzene-d4 
1,4-Dinitrobenzene   Not method defined, default to use closest IS 
1,4-Naphthoquinone   Not method defined, default to use closest IS 
1,4-Phenylenediamine   Not method defined, default to use closest IS 
1-Chloronaphthalene   Acenaphthene-d10 
1-Napthylamine   Acenaphthene-d10 
2,3,4,6-Tetrachlorophenol  0.010 Acenaphthene-d10 
2,4,5-Trichlorophenol  0.200 Acenaphthene-d10 
2,4,6-Trichlorophenol  0.200 Acenaphthene-d10 
2,4-Dichlorophenol  0.200 Napthalene-d8 
2,4-Dimethylphenol  0.200 Napthalene-d8 
2,4-Dinitrophenol  0.010 Acenaphthene-d10 
2,4-Dinitrotoluene  0.200 Acenaphthene-d10 
2,6-Dichlorophenol   Napthalene-d8 
2,6-Dinitrophenol   Not method defined, default to use closest IS 
2,6-Dinitrotoluene  0.200 Acenaphthene-d10 
2-Acetylaminofluorene   Not method defined, default to use closest IS 
2-Chloronaphthalene  0.800 Acenaphthene-d10 
2-Chlorophenol  0.800 1,4-Dichlorobenzene-d4 
2-Methylnapthalene  0.400 Napthalene-d8 
2-Methylphenol  0.700 1,4-Dichlorobenzene-d4 
2-Naphthylamine   Acenaphthene-d10 
2-Nitroaniline  0.010 Acenaphthene-d10 
2-Nitrophenol  0.100 Napthalene-d8 
2-Picoline   1,4-Dichlorobenzene-d4 
3,3'-Dichlorobenzidine  0.010 Chrysene-d12 
3,3'-Dimethoxybenzidine   Not method defined, default to use closest IS 
3,3'-Dimethylbenzidine   Not method defined, default to use closest IS 
3-Methylphenol   Not method defined, default to use closest IS 
3-Nitroaniline*  0.010 Acenaphthene-d10 
4,6-Dinitro-2-methylphenol  0.010 Phenanthrene-d10 
4-Aminobiphenyl   Phenanthrene-d10 
4-Bromophenyl phenyl ether  0.100 Phenanthrene-d10 
4-Chloro-3-methylphenol  0.200 Napthalene-d8 
4-Chloroaniline  0.010 Napthalene-d8 
4-Chlorophenyl phenyl ether  0.400 Acenaphthene-d10 
4-Methylphenol  0.600 1,4-Dichlorobenzene-d4 
4-Nitroaniline  0.010 Acenaphthene-d10 
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4-Nitrophenol  0.010 Acenaphthene-d10 
5-Nitro-o-toluidine   Not method defined, default to use closest IS 
7,12-Dimethylbenz(a)anthracene   Perylene-d12 
2,4-Dinitrophenol 0.050 0.010 Acenaphthene-d10 
4-Nitrophenol 0.050 0.010 Acenaphthene-d10 
Acenaphthene  0.900 Acenaphthene-d10 
Acenaphthylene  0.900 Acenaphthene-d10 
Acetophenone  0.010 Not method defined, default to use closest IS 
Aniline  0.010 Not method defined, default to use closest IS 
Anthracene  0.700 Phenanthrene-d10 
Aramite  0.010 Not method defined, default to use closest IS 
Atrazine  0.010 Not method defined, default to use closest IS 
Benz(a)anthracene  0.800 Chrysene-d12  
Benzaldehyde  0.010 Not method defined, default to use closest IS 
Benzenethiol  0.010 Not method defined, default to use closest IS 
Benzidine  0.010 Not method defined, default to use closest IS 
Benzo(a)pyrene  0.700 Perylene-d12 
Benzo(b)fluoranthene  0.700 Perylene-d12 
Benzo(e) pyrene  0.010 Not method defined, default to use closest IS 
Benzo(g,h,I)perylene  0.500 Perylene-d12 
Benzo(k)fluoranthene  0.700 Perylene-d12 
Benzoic acid  0.010 Not method defined, default to use closest IS 
Benzyl alcohol  0.010 Not method defined, default to use closest IS 
Bis(2-chloroethoxy)methane  0.300 Napthalene-d8 
Bis(2-chloroethyl)ether  0.700 1,4-Dichlorobenzene-d4 
Bis(2-chloroisopropyl)ether  0.010 1,4-Dichlorobenzene-d4 
Bis(2-ethylhexyl)phthalate  0.010 Chrysene-d12  
Butyl benzyl phthalate  0.010 Chrysene-d12  
Caprolactam  0.010 Not method defined, default to use closest IS 
Carbazole  0.010 Not method defined, default to use closest IS 
Chlorobenzilate  0.010 Not method defined, default to use closest IS 
Chlorothalonil  0.010 Not method defined, default to use closest IS 
Chrysene  0.700 Chrysene-d12  
Dacthal  0.010 Not method defined, default to use closest IS 
Di-n-butyl phthalate  0.010 Phenanthrene-d


10
  


Di-n-octyl phthalate  0.010 Perylene-d12 
Diallate  0.010 Not method defined, default to use closest IS 
Dibenz(a,h)acridine  0.010 Not method defined, default to use closest IS 
Dibenz(a,h)anthracene  0.400 Perylene-d12 
Dibenz(a,j)acridine  0.010 Not method defined, default to use closest IS 
Dibenzofuran  0.800 Acenaphthene-d10 
Diethyl phthalate  0.010 Acenaphthene-d10 
Dimethoate  0.010 Not method defined, default to use closest IS 
Dimethyl phthalate  0.010 Acenaphthene-d10 
Dinoseb  0.010 Not method defined, default to use closest IS 
Diphenylamine  0.010 Phenanthrene-d


10
  


Diphenyl ether  0.010 Not method defined, default to use closest IS 
Ethyl parathion  0.010 Not method defined, default to use closest IS 
Ethyl methacrylate  0.010 Not method defined, default to use closest IS 
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Ethyl methanesulfonate  0.010 Not method defined, default to use closest IS 
Famphur  0.010 Not method defined, default to use closest IS 
Fluoranthene  0.600 Phenanthrene-d


10
  


Fluorene  0.900 Acenaphthene-d10 
Hexachlorobenzene  0.100 Phenanthrene-d10 
Hexachlorobutadiene  0.010 Napthalene-d8 
Hexachlorocyclopentadiene 0.050 0.050 Acenaphthene-d10 
Hexachloroethane  0.300 1,4-Dichlorobenzene-d4 
Hexachlorophene  0.010 Not method defined, default to use closest IS 
Hexachloropropene  0.010 Not method defined, default to use closest IS 
Indeno(1,2,3-cd)pyrene  0.500 Perylene-d12 
Indene  0.010 Not method defined, default to use closest IS 
Isodrin  0.010 Not method defined, default to use closest IS 
Isophorone  0.400 Napthalene-d8 
Isophthalonitrile  0.010 Not method defined, default to use closest IS 
Isosafrole  0.10 Not method defined, default to use closest IS 
Kepone  0.010 Not method defined, default to use closest IS 
Methapyrilene  0.010 Not method defined, default to use closest IS 
Methyl methanesulfonate  0.010 Not method defined, default to use closest IS 
Methyl parathion  0.010 Not method defined, default to use closest IS 
N-Nitroso-di-n-butylamine  0.010 Not method defined, default to use closest IS 
N-Nitrosodi-n-propylamine 0.050 0.500 1,4-Dichlorobenzene-d4 
N-Nitrosodiethylamine  0.010 Not method defined, default to use closest IS 
N-Nitrosodimethylamine  0.010 1,4-Dichlorobenzene-d4 
N-Nitrosodiphenylamine  0.010 Phenanthrene-d10 
N-Nitrosomethylethylamine  0.010 Not method defined, default to use closest IS 
N-Nitrosomorpholine  0.010 Not method defined, default to use closest IS 
N-Nitrosopiperidine  0.010 Not method defined, default to use closest IS 
N-Nitrosopyrrolidine  0.010 Not method defined, default to use closest IS 
Naphthalene  0.700 Napthalene-d8 
Nitrobenzene  0.200 Napthalene-d8 
O,O,O-Triethylphosphorothioate  0.010 Not method defined, default to use closest IS 
o-Toluidine  0.010 Not method defined, default to use closest IS 
p-Dimethylaminoazobenzene  0.010 Not method defined, default to use closest IS 
p-Phenylenediamine  0.010 Not method defined, default to use closest IS 
Pentachlorobenzene  0.010 Not method defined, default to use closest IS 
Pentachloroethane  0.010 Not method defined, default to use closest IS 
Pentachloronitrobenzene  0.010 Not method defined, default to use closest IS 
Pentachlorophenol  0.050 Phenanthrene-d10 
Phenacetin  0.010 Not method defined, default to use closest IS 
Phenanthrene  0.700 Phenanthrene-d10 
Phenol  0.800 1,4-Dichlorobenzene-d4 
Pronamide  0.010 Not method defined, default to use closest IS 
Pyrazole  0.010 Not method defined, default to use closest IS 
Pyrene  0.600 Chrysene-d12  
Pyridine  0.010 Not method defined, default to use closest IS 
Quinazoline  0.010 Not method defined, default to use closest IS 
Quinoline  0.010 Not method defined, default to use closest IS 
Safrole  0.010 Not method defined, default to use closest IS 
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Sym-Trinitrobenzene  0.010 Not method defined, default to use closest IS 
Tetraethyldithiopyrophosphate  0.010 Not method defined, default to use closest IS 
Thionazin  0.010 Not method defined, default to use closest IS 
Nitrobenzene-d


5
 (surr.)  0.200 Napthalene-d8 


Phenol-d
6
 (surr.)  0.800 1,4-Dichlorobenzene-d4 


2,4,6-Tribromophenol (surr.)  0.800 Acenaphthene-d10 
2-Fluorobiphenyl (surr.)  0.010 Acenaphthene-d10 
2-Fluorophenol (surr.)  0.010 1,4-Dichlorobenzene-d4 
Terphenyl-d


14
 (surr.)   0.010 Chrysene-d


12
  


 
11.2.4 Linearity 


 
11.2.4.1 The %RSD from the initial calibration must be < 20% for a target 


compound if average response factor is to be used. 
11.2.4.2 If linear regression or quadratic calibration is used, the correlation 


coefficient “r” must be > 0.995 or the coefficient of determination 
“r2” must be > 0.99.  The use of quadratic calibration requires six 
calibration points at a minimum. 


11.2.4.3 Upon compounds passing calibration criteria with designated curve 
options, up to 10% of the compounds may exceed 20% RSD and r > 
0.995 or “r2” > 0.99, provided that the %RSD < 30%. 


 
11.2.5 Initial Calibration Verification 
 


11.2.5.1 Upon completion of the initial calibration, the curve must be 
verified by analysis of a second source calibration standard falling 
at or near the approximate mid-point of the curve. 


11.2.5.2 For Wisconsin specific analytes using a second-order regression, a 
second, higher level verification must be processed. 


11.2.5.3 All analytes must be within 30% of the true value when quantitated 
against the calibration curve, and the RRFs must meet the criteria 
listed in Table 11.2.3. 


11.3 Retention Time Windows 
 


11.3.1 Retention Time Windows 
 


11.3.1.1 Record the retention time (RT) of each analyte peak. 
11.3.1.2 Calculate the mean RT and standard deviation (SD) for each peak. 
11.3.1.3 The RT Window for each analyte is defined at + 3 times the SD 


around the mean RT. 
11.3.1.4 If the SD of the RT is 0, a default value of 0.03 minutes should be 


used to define the window. 
11.3.1.5 For closely eluting peaks, the analyst may narrow the RT window 


documented in the ChemStation Quant ID file in order to minimize 
false detects. 


11.4 Calibration Verification 
 


11.4.1 A continuing calibration standard at the mid-point of the calibration curve 
must be analyzed at the beginning of each 12-hour analytical period following 
the instrument tune check and prior to sample analysis. 


11.4.2 The continuing calibration standard should be prepared from the same stock 
used for the initial calibration curve. 
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11.4.3 For Wisconsin specific analytes using a second-order regression, a second, 
higher level verification must be processed. 


11.4.4 Acceptance Criteria 
 


11.4.4.1 RFs for the CCV are compared to the average RFs in the initial 
calibration, and evaluated against the minimum RFs in Table 
11.2.3.  


11.4.4.2 For each analyte and surrogate using average response factor, the 
percent difference (%D) between the mean RF as established by the 
initial calibration and the continuing calibration RF must be < 20%. 


11.4.4.3 For analytes using an alternate fit (linear, quadratic), the % drift 
must be calculated, and must be < 20%. 


11.4.4.4 Up to 20% of the compounds in the calibration verification may 
exceed the 20%, but must be < 40%.  This exception does not apply 
to compounds detected above the MDL in associated samples. 


11.4.4.5 Retention times of the internal standards must be within 30 
seconds of those in the mid-level standard of the most recent initial 
calibration. 


11.4.4.6 Areas of the internal standards must fall within 50-200% of those 
established by the mid-level standard of the most recent initial 
calibration. 


11.4.4.7 For analytes using linear regression, the lowest calibration point 
should be reprocessed against the curve.  The recalculated 
concentration should be within 30% of the true concentration. 


11.4.4.8 If any of the above criteria are not meet, corrective action must be 
taken to improve instrument performance.  Analytical results 
associated with failed acceptance criteria in Sections 11.1, 11.2, 
and/or 11.4 may not be reported. 


12) Sample Preparation/Analysis 


12.1 Sample Preparations:  
 


12.1.1 For aqueous samples, refer to SW846-3510C as documented in SOP HN-EXT-
001, Liquid-Liquid Extraction (Separatory Funnel).  


12.1.2 For solid/soil samples, refer to SW846-3540C as documented in SOP HN-EXT-
002, Soxhlet Extraction of Solid Samples, SW846-3541 as documented in HN-
EXT-003, Automated Soxhlet Extraction, or SW846-3550 as documented in 
HN-EXT-013, Ultrasonic Extraction. 


12.1.3 Samples extracts shall be stored at 40C in the designated SVOA refrigerator 
pending analysis. 


12.2 Sample Extract Analysis  
 


12.2.1 Analysis of sample extracts may begin once criteria specified in Section 11 
have been achieved. 


 
12.2.2 Internal Standard Addition:  


 
12.2.2.1 Allow sample extracts to warm to room temperature.  
12.2.2.2 Add 10 ul of 4000 ug/ml internal standard (see 10.6).  
12.2.2.3 Cap the extract vial, and invert the sample vial several times to mix.  
12.2.2.4 Proceed with analysis.  
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12.2.3 When the analysis is complete, verify that the internal standards, surrogates, 
and compounds of interest are properly identified and quantified, and that the 
surrogate recoveries are within the acceptable range for the sample type.  


12.2.4 If the response for any quantitation ion exceeds the initial calibration curve 
range of the GC/MS system, extract dilution must take place.  


 
12.2.4.1 Additional internal standard is added to the diluted extract to 


maintain the required 40 ug/ml of each internal standard in the 
extracted volume.  


 
12.2.5 When a compound has been identified, the quantitation of that compound will 


be based on the integrated abundance from the EICP of the primary 
characteristic ion.  


12.3 Qualitative Analysis (including Tentatively Identified Compounds or TICs)  
 


12.3.1 Comparing the spectrum and retention time of the compound with that of an 
established standard performs analyte identification.  


 
12.3.1.1 The sample analyte RT must be within + 0.06 RRT units of the RT of 


the current standard analyzed.  
12.3.1.2 For mass spectra comparisons, all ions in the standard spectrum at 


an intensity of >30% (>10% for TICS) relative to the most abundant 
ion must be present in the sample spectrum.   


12.3.1.3 The above qualifying ions must agree within ±20%. 
 


12.3.2 Structural isomers that produce very similar mass specta should be identified 
as individual isomers if they have sufficiently different retention times.  
Sufficient resolution is achieved if the height of the valley between the two 
isomer peaks is less than 50% of the average of the two peak heights. 


12.3.3 When requested, a library search will be performed on each sample to identify 
any components not matched to calibration standard spectra. This search is 
performed using the Wiley Mass Spectral Library or the ChemStation NIST 
library.  The analyst will report the 10 largest unknown peaks with a 
correlation of > 80%.  The analyst reviewing the library search results makes 
final determination, and if no adequate match can be determined, the 
compound is reported as an UNKNOWN.  


12.4 Quantitative Analysis: 
 


12.4.1 The internal standard method is used for quantitation of target compounds 
identified and uses the appropriate ion area for all determinations. 


12.4.2 Sample concentrations exceeding the upper calibration limit must be diluted 
and reanalyzed. 


12.4.3 All quantitation must be conducted relative to the current initial calibration.  
12.4.4 When target analytes are detected and are affected by co-eluting peaks that 


interfere with reliable quantitation, the sample extract should be diluted and 
reanalyzed or alternatively, the reported data shall be flagged as “estimated”. 


13) Troubleshooting 
13.1 Refer to Agilent GC-MS hardware manual for specific technical guidance. 
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14) Data Acquisition  
14.1 Data is collected with "Chemstation" data acquisition software.   


14.2 EnviroQuant data processing software converts the acquired signal information from 
“Chemstation” into concentration data.  


14.3 LIMS receives the processed data in its data entry module and links the data to the 
samples in a specific work order.  The QC batch data is also linked to the data.  


15) Calculation, and Data Reduction Requirements 


15.1 Initial Calibration (ICAL) Calculations (RRF and RSD): Calculate the average relative 
response factor (Ave. RRF or Ave.RF) for each compound across the five or more 
calibration concentrations using the below equations:  


 
  RF  =  Ax x Cis 
                      Ais x Cx 
    Where: 
      A


x
 = Area of the characteristic ion for the compound being measured. 


      A
is
 = Area of the characteristic ion for the specific internal standard. 


      C
is
 = Concentration of the specific internal standard. 


     C
x
 = Concentration of the compound being measured. 


 


15.2 Percent Relative Standard Deviation (% RSD): Calculate the %RSD(s) for each compound 
as follows:  


 100 x 
x


SD
 = %RSD  


    Where: 
     RSD = relative standard deviation. 
     _ 
     x = mean of Response factors (Rfs). 


   SD = standard deviation of average Rfs. 


15.3 Continuing Calibration  
 


15.3.1 Calculation of % drift (regression model curve fits) by using the following 
formula:   


 
% Drift= [(Calculated conc - Theoretical conc) x 100] / Theoretical conc 


 
15.3.2 Percent difference (response factor calibration fit) is calculated as follows: 


   100 x 
RRf


RRf - RRf
 = Difference Percent


I


CI  


  ____ 
  RRfi = average relative response factor from the initial calibration 
 
  RRF


C
 = response factor from current verification check standard 


 


15.4 Analyte Calculations, aqueous samples:   
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)V( )(RRF)A(
d)V( )I)(A(


 = (ug/l) ionconcentrat
ois


tsx )(
 


  Where: 
A


x
 = Area of characteristic ion for compound being measured. 


  I
s
 = Amount of internal standard (ug). 


V
t
 = Volume of total extract in ml  


  A
is
 = Area of the characteristic ion for the specific internal standard. 


            RRF = Relative Response factor for compound being measured. 
  V


o
 = Volume of water extracted in L 


 d = Dilution factor 


15.5 Analyte Calculations, soil or solid waste samples:     
 


                        


)W)(RRF)(A(
d)V)(I)(A(


 = (ug/kg) ionConcentrat
is


tsx


s


)(  


  A
x
, I


s
, A


is
, RRF, V


t, 
and d


 
 = same as for water. 


  W
s
 = weight of sample extracted (g).  The wet weight or dry weight may be  


used, depending upon the specific applications of the data.  
 


15.5.1 The analyst must know how to use the above equations. The equations are 
necessary tools for troubleshooting calibration files, ID files, and acquired 
data files. The sample concentration is quantified and a report generated 
utilizing computer software.    


15.5.2 The equations used for calculating concentrations of TICs are the same as 
those used for target compounds with the following modifications: peak areas 
are derived from the total ion instead of the extracted ion, and a RRF of 1 is 
assumed. TIC concentrations are always reported as estimated values and 
have an associated data qualifier reported.  


15.6 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations: 


  
15.6.1 Surrogate Recovery: Sample, matrix spike/matrix spike duplicate, duplicate, 


and blank samples are all spiked with surrogates prior to extraction. The 
surrogate percent recoveries in these samples should fall into the ranges 
specified in the method for soil and water samples. If surrogate recoveries fall 
outside these limits, check for errors in calculations, split peaks, or standard 
solution degradation. Re-analyze the sample if no apparent problems exist. If 
the recoveries for the re-analyzed sample are within the ranges, report only 
the re-analysis.  If recoveries are out again, report both analyses.  


 
15.6.1.1 Surrogate percent recovery is calculated as follows: 


 
Where: 


( )
100% ×=


SurrSA
SurrSR


R
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SurrSR = Surrogate Spiked Sample Result (mg/L or mg/kg). 
SurrSA   = Surrogate Spike Amount Added (mg/L or mg/kg). 
 


15.6.2 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.6.3 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.6.4 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Instrument (DFTPP) Tuning:  
 


16.1.1 Perform at the beginning of each analytical run or every 12 hours whichever 
comes first. 


16.1.2 All criteria specified in Section 11.1 (Table 11.1) must be achieved prior to 
continued analysis. 


16.1.3 If acceptance criteria are not achieved, discontinue operation, perform any 
necessary instrument maintenance and reanalyze. All samples associated with 
a failed instrument tune must be reanalyzed after corrective action has been 
performed.      


16.2 Initial Calibration:  
 


16.2.1 A new initial calibration must be generated when CCV criteria are not met, 
after major instrument maintenance, or after changes in operating conditions. 


 
16.2.1.1 All analytical runs utilized in establishment of the initial calibration 


curve must clearly document and provide for the traceability of the 
associated standard used. 


16.2.1.2 Upon establishment of a new initial calibration curve, the 
associated method (w/calibration) must be uniquely identified such 


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


( )
100


SA
SRSSR


R% ×
−


=


( )
100


SA


SSR
R% ×=
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that subsequent analyses utilizing the calibration can be clearly 
identified. 


 
16.2.2 Acceptance Criteria:  
 


16.2.2.1 Initial calibration curve must have 5-points minimally for all 
analytes; six points are required for second order curve fits.  


16.2.2.2 Analytes must meet minimum RF requirements (Table 11.2.3).  
16.2.2.3 Target Analytes: 
 


16.2.2.3.1 Target analyte must have a %RSD < 15% or, 
16.2.2.3.2 Linear regression generates r >0.995 for analyte or, 
16.2.2.3.3 Quadratic regression generates r2 > 0.990. 


 
16.2.3 Corrective Action:  
 


16.2.3.1 Check standard integrity, verify analytical calculations, and perform 
any necessary instrument maintenance. 


16.2.3.2 Repeat the initial calibration sequence. 
16.2.3.3 All samples associated with a failed initial calibration must be 


reanalyzed. 
16.2.3.4 Individual data points for a specific analyte may be dropped from 


the top or the bottom of the curve. 
16.2.3.5 A data point may be removed from within the curve as long as it is 


removed for all of the analytes. 


16.3 Initial Calibration Verification (ICV):  
 


16.3.1 Perform an ICV upon completion of each new initial calibration curve. 
 


16.3.1.1 The ICV analysis must clearly document, and provide for the 
traceability of, the associated standard used. 


 
16.3.2 The ICV must utilize a second source supplier. 
16.3.3 The ICV must be at or near the mid-point of the calibration curve. 
16.3.4 ICV results must meet accuracy performance criteria within 70-130% of the 


expected value as outlined in the applicable LIMS test code. 
16.3.5 Corrective action: 


 
16.3.5.1 Evaluate standard integrity, verify analytical calculations, and/or 


perform any needed system maintenance.  
16.3.5.2 Repeat the ICV analysis. 
16.3.5.3 If the subsequent ICV fails to achieve acceptance criteria, perform a 


new initial calibration. 
16.3.5.4 All samples associated with a failed ICV must be reanalyzed. 


   


16.4 Continuing Calibration Verification (CCV):  
 


16.4.1 The calibration standard must be run prior to sample analysis and every 12 
hours thereafter.  


 
16.4.1.1 The CCV analyses must clearly document and provide for the 


traceability of the associated standard used. 
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16.4.2 Acceptance Criteria:  
 


16.4.2.1 All analytes must meet minimum RF criteria (Table 11.2.3). 
16.4.2.2 All analytes must meet accuracy performance criteria within 80-


120% of the expected value as outlined in the applicable LIMS test 
code. 


 
16.4.3 Corrective Action: 
 


16.4.3.1 Verify standard integrity, verify analytical calculations, and perform 
any needed instrument maintenance. 


16.4.3.2 Repeat the CCV analysis. 
16.4.3.3 If the subsequent CCV fails to achieve acceptance criteria, perform 


a new initial calibration. 
16.4.3.4 All samples associated with a failed CCV must be reanalyzed. 


16.5 Method Blank: 
 


16.5.1 Analyze a method blank at a frequency of one per analytical batch (per matrix) 
of 20 or less samples. If the method blank indicates contamination, analyze an 
instrument blank to demonstrate that the contamination is not a result of 
carryover from standards or samples. 


16.5.2 Acceptance Criteria: All analytes of interest should be less than ½ the MRL and 
must be less than MRL.  


 
16.5.2.1 Other approved QA program requirements must be followed when 


the acceptable blank contamination specified in the approved 
quality assurance project plan differs from the above.  


16.5.2.2 Analytical results associated with blank contamination may be used 
if analytes of interest are less than 5% of the regulatory limit 
associated with the analyte or analytes of interest are less than 5% 
of the sample result for the same analyte, whichever is greater.  


 
16.5.3 Corrective Action:  
 


16.5.3.1 If the method blank fails to achieve acceptance criteria, take 
corrective action to locate/eliminate the source of the 
contamination and re-extract/re-analyze all samples associated with 
the failed blank. 


16.5.3.2 If samples cannot be re-run due to insufficient sample or other 
circumstances, the anomaly must be documented on the associated 
data checklist and, if applicable, a NCR/CAR submitted to QA per 
HN-QS-003. 


16.5.3.3 Data reported with an associated contaminated method blank must 
be flagged with a “B”.  


16.6 Laboratory Control Sample (LCS):  
 


16.6.1 The LCS must be processed with each batch per matrix of 20 samples or less.  
All samples in the batch must be processed on the same day.   


16.6.2 LCS samples shall be spiked with all specified analytes (see Section 21, 
Attachments).  


16.6.3 Acceptance Criteria: 
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16.6.3.1 Aqueous Matrix: See Table 16.6.3.1 for LCS recovery limits. 
 
Table 16.6.3.1       Aqueous Matrix Recovery Limits*–LCS,MS,MSD 


AT &Analyte SPK Low High RPD 


A 1,2,4-Trichlorobenzene 20 35 105 30 
A 1,2-Dichlorobenzene 20 35 100 30 
A 1,2-Diphenylhydrazine 20 55 115 30 
A 1,3-Dichlorobenzene 20 30 100 30 
A 1,4-Dichlorobenzene 20 30 100 30 
A 1,4-Dioxane 20 20 120 30 
A 2,4,5-Trichlorophenol 20 50 110 30 
A 2,4,6-Trichlorophenol 20 50 115 30 
A 2,4-Dichlorophenol 20 50 105 30 
A 2,4-Dimethylphenol 20 30 110 30 
A 2,4-Dinitrophenol 20 15 140 30 
A 2,4-Dinitrotoluene 20 50 120 30 
A 2,6-Dinitrotoluene 20 50 115 30 
A 2-Chloronaphthalene 20 50 105 30 
A 2-Chlorophenol 20 35 105 30 
A 2-Methylnaphthalene 20 45 105 30 
A 2-Methylphenol 20 40 110 30 
A 2-Nitroaniline 20 50 115 30 
A 2-Nitrophenol 20 40 115 30 
A 3,3´-Dichlorobenzidine 20 20 110 30 
A 3-Methylphenol 20 30 110 30 
A 3-Nitroaniline 20 20 125 30 
A 4,6-Dinitro-2-methylphenol 20 40 130 30 
A 4-Bromophenyl phenyl ether 20 50 115 30 
A 4-Chloro-3-methylphenol 20 45 110 30 
A 4-Chloroaniline 20 15 110 30 
A 4-Chlorophenyl phenyl ether 20 50 110 30 
A 4-Methylphenol 20 30 110 30 
A 4-Nitroaniline 20 35 120 30 
A 5,5-Diphenylhydantoin 20 60 120 30 
A Acenaphthene 20 45 110 30 
A Acenaphthylene 20 50 105 30 
A Aniline 20 45 135 30 
A Anthracene 20 55 110 30 
A Benzo(a)anthracene 20 55 110 30 
A Benzo(a)pyrene 20 55 110 30 
A Benzo(b)fluoranthene 20 45 120 30 
A Benzo(g,h,i)perylene 20 40 125 30 
A Benzo(k)fluoranthene 20 45 125 30 
A Benzophenone 20 60 120 30 
A Bis(2-chloroethoxy)methane 20 45 105 30 
A Bis(2-chloroethyl)ether 20 35 110 30 
A Bis(2-chloroisopropyl)ether 20 25 130 30 
A Bis(2-ethylhexyl)phthalate 20 40 125 30 
A Butyl benzyl phthalate 20 45 115 30 
A Carbofuran 20 50 115 30 
A Chrysene 20 55 110 30 
A Di-n-butyl phthalate 20 55 115 30 
A Di-n-octyl phthalate 20 35 135 30 
A Dibenzo(a,h)anthracene 20 40 125 30 


Uncontrolled Document







SVOCs by 8270C/D - 625 
 HN-SMS-001-R06 
 Effective: 10/15/2013 
 Page 27 of 37 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


A Dibenzofuran 20 55 105 30 
A Diethyl phthalate 20 40 120 30 
A Dimethyl phthalate 20 25 125 30 
A Fluoranthene 20 55 115 30 
A Fluorene 20 50 110 30 
A Hexachlorobenzene 20 50 110 30 
A Hexachlorobutadiene 20 25 105 30 
A Hexachloroethane 20 30 95 30 
A Indeno(1,2,3-cd)pyrene 20 45 125 30 
A Isophorone 20 50 110 30 
A N-Nitrosodi-n-propylamine 20 35 130 30 
A N-Nitrosodimethylamine 20 25 110 30 
A N-Nitrosodiphenylamine 20 50 110 30 
A Naphthalene 20 40 100 30 
A Nitrobenzene 20 45 110 30 
A Pentachlorophenol 20 40 115 30 
A Phenanthrene 20 50 115 30 
A Phenol 20 12 43 30 
A Pyrene 20 50 130 30 
A Quinoline 20 25 75 30 
S 2,4,6-Tribromophenol 50 40 125 40 
S 2-Fluorobiphenyl 50 50 110 40 
S 2-Fluorophenol 50 20 110 40 
S 4-Terphenyl-d14 50 50 125 40 
S Nitrobenzene-d5 50 40 110 40 
S Phenol-d6 50 20 110 40 


*Limits listed are minimum criteria and subject to change via control charting.  Refer to the LIMS 
test code for current limits. 


 
16.6.3.2 Solid Matrix: See Table 16.6.3.2 for LCS recovery limits. 
 


Table 16.6.3.2    Solid Matrix Recovery Limits*–LCS,MS,MSD 
AT &Analyte SPK Low High RPD 
A 1,2,4-Trichlorobenzene 666.7 45 110 30 
A 1,2-Dichlorobenzene 666.7 45 95 30 
A 1,3-Dichlorobenzene 666.7 40 100 30 
A 1,4-Dichlorobenzene 666.7 35 105 30 
A 2,4,5-Trichlorophenol 666.7 50 110 30 
A 2,4,6-Trichlorophenol 666.7 45 110 30 
A 2,4-Dichlorophenol 666.7 45 110 30 
A 2,4-Dimethylphenol 666.7 30 105 30 
A 2,4-Dinitrophenol 666.7 15 130 30 
A 2,4-Dinitrotoluene 666.7 50 115 30 
A 2,6-Dinitrotoluene 666.7 50 110 30 
A 2-Chloronaphthalene 666.7 45 105 30 
A 2-Chlorophenol 666.7 45 105 30 
A 2-Methylnaphthalene 666.7 45 105 30 
A 2-Methylphenol 666.7 40 105 30 
A 2-Nitroaniline 666.7 45 120 30 
A 2-Nitrophenol 666.7 40 110 30 
A 3-Methylphenol 666.7 40 105 30 
A 3-Nitroaniline 666.7 25 110 30 
A 4-Bromophenyl phenyl ether 666.7 45 115 30 
A 4-Chloro-3-methylphenol 666.7 45 115 30 
A 4-Chlorophenyl phenyl ether 666.7 45 110 30 
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A 4-Methylphenol 666.7 40 105 30 
A 4-Nitroaniline 666.7 35 115 30 
A 4-Nitrophenol 666.7 15 140 30 
A 5,5-Diphenylhydantoin 666.7 60 120 30 
A Acenaphthene 666.7 45 110 30 
A Acenaphthylene 666.7 45 105 30 
A Aniline 666.7 45 135 30 
A Anthracene 666.7 55 105 30 
A Benzo(a)anthracene 666.7 50 110 30 
A Benzo(a)pyrene 666.7 50 110 30 
A Benzo(b)fluoranthene 666.7 45 115 30 
A Benzo(g,h,i)perylene 666.7 40 125 30 
A Benzo(k)fluoranthene 666.7 45 125 30 
A Benzophenone 666.7 60 120 30 
A Bis(2-chloroethoxy)methane 666.7 45 110 30 
A Bis(2-chloroethyl)ether 666.7 40 105 30 
A Bis(2-chloroisopropyl)ether 666.7 20 115 30 
A Bis(2-ethylhexyl)phthalate 666.7 45 125 30 
A Butyl benzyl phthalate 666.7 50 125 30 
A Carbazole 666.7 45 115 30 
A Chrysene 666.7 55 110 30 
A Di-n-butyl phthalate 666.7 55 110 30 
A Di-n-octyl phthalate 666.7 40 130 30 
A Dibenzo(a,h)anthracene 666.7 40 125 30 
A Dibenzofuran 666.7 50 105 30 
A Diethyl phthalate 666.7 50 115 30 
A Dimethyl phthalate 666.7 50 110 30 
A Fluoranthene 666.7 55 115 30 
A Fluorene 666.7 50 110 30 
A Hexachlorobenzene 666.7 45 120 30 
A Hexachlorobutadiene 666.7 40 115 30 
A Hexachloroethane 666.7 35 110 30 
A Indeno(1,2,3-cd)pyrene 666.7 40 120 30 
A Isophorone 666.7 45 110 30 
A N-Nitrosodi-n-propylamine 666.7 40 115 30 
A N-Nitrosodimethylamine 666.7 20 115 30 
A N-Nitrosodiphenylamine 666.7 50 115 30 
A Naphthalene 666.7 40 105 30 
A Nitrobenzene 666.7 40 115 30 
A Pentachlorophenol 666.7 25 120 30 
A Phenanthrene 666.7 50 110 30 
A Phenol 666.7 40 100 30 
A Pyrene 666.7 45 125 30 
S 2,4,6-Tribromophenol 1666.7 35 122 40 
S 2-Fluorobiphenyl 1666.7 45 105 40 
S 2-Fluorophenol 1666.7 35 105 40 
S 4-Terphenyl-d14 1666.7 30 120 40 
S Nitrobenzene-d5 1666.7 35 100 40 
S Phenol-d6 1666.7 40 100 40 


*Limits listed are minimum criteria and subject to change via control charting.  Refer 
to the LIMS test code for current limits. 


 
16.6.4 Sporadic Marginal Exceedance (SME) 
 


16.6.4.1 Allowances for SME may be applied to the evaluation of the LCS. 
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16.6.4.2 Accuracy for SME allowances must fall within the following recovery 
limits: 


 
Aqueous Matrix: Lower Limit –10% to Upper Limit + 10% 
Solid Matrix: Lower Limit –10% to Upper Limit + 10% 


 
16.6.4.3 The maximum number of SME allowances is determined by the total 


number of spiked analyte as documented in Table 16.10. 
 
16.6.5 Corrective Action: 
 


16.6.5.1 If the LCS recovery fails to achieve acceptance criteria, the sample 
batch must be re-extracted and re-analyzed. If reprocessing it is not 
possible due to lack of sample or expired hold time, reported 
analytes must be flagged as to probable bias and narrated. 


16.7 Matrix Spike and Matrix Spike Duplicate  
 


16.7.1 The MS/MSD pair must be performed at a frequency per batch per matrix of 
20 samples or less. 


16.7.2 Unless project specified, MS/MSD samples shall be randomly selected and 
rotated among projects/clients. 


16.7.3 MS/MSD samples shall be spiked with all specified analytes (see Section 21, 
Attachments).  


16.7.4 Acceptance Criteria:  
 


16.7.4.1 Aqueous Matrices: See Table 16.6.3.1 for MS/MSD acceptance 
criteria. 


16.7.4.2 Solid Matrices: See Table 16.6.3.2 for MS/MSD acceptance criteria. 
16.7.4.3 If the MS/MSD native concentration is greater than four times the 


spiking level, the acceptance criteria specified in Section 16.6.3.1 
and 16.6.3.2 should be considered advisory. 
  


16.7.5 Corrective Action: 
 


16.7.5.1 If MS/MSD recoveries are outside acceptance criteria, the anomaly 
may be due to matrix effects.  Surrogate recoveries and LCS results 
must be evaluated in order to determine if matrix bias is probable.  
If associated QC parameters indicate a probable matrix affect, 
sample results may be reported but must be flagged.  


16.7.5.2 If MS/MSD acceptance criteria are not achieved and matrix 
interference is not apparent (i.e., systemic error), all associated 
samples must be re-extracted and analyzed.  If re-analysis cannot 
be completed, all results must be qualified accordingly. 


16.8 Surrogates 
 


16.8.1 Surrogates must be added to all samples prior to the extraction process and 
used in the evaluation process. 


16.8.2 Acceptance Criteria: 
 


16.8.2.1 Surrogate recovery for interference free matrices and project 
sample matrices must fall within the following criteria: 
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16.8.2.1.1 Aqueous Matrices: See Table 16.6.3.1 for surrogate 
acceptance criteria. 


16.8.2.1.2 Solid Matrices: See Table 16.6.3.2 for surrogate acceptance 
criteria. 


 
16.8.3 Corrective Action: 
 


16.8.3.1 All samples associated with failed surrogate recovery in an 
interference free matrix must be re-extracted and analyzed.  If 
reanalysis cannot be completed, all associated samples must be 
flagged as to possible bias and narrated accordingly. 


16.8.3.2 All project sample matrices with failed surrogate recovery must be 
thoroughly reviewed.  If recovery failure can be reasonably based 
upon matrix affects, high dilution, etc, initiate a non-conformance 
report and flag/report sample results.  If no reasonable explanation 
is present for the failure, re-extract and analyze all associated 
samples. 


16.9 Internal Standards:  
 


16.9.1 Internal standards must be added to all samples prior to analysis.  
16.9.2 Acceptance Criteria:  
 


16.9.2.1 The IS retention time widow must be + 30 seconds from the 
associated twelve (12) hour midpoint daily calibration standard  


16.9.2.2 The IS areas should not differ from the associated twelve (12) hour 
midpoint daily calibration standard by more than a factor of two (50 
% to 200 %)   


 
16.9.3 Corrective Action: 
 


16.9.3.1 If the internal standards do not achieve acceptance criteria, the 
sample(s) must be rerun as confirmation of matrix affect.  If the 
rerun does not confirm a matrix effect, review the calculations and 
check for error.  If no errors are found, or if a sample cannot be re-
extracted, initiate a non-conformance report flag the sample(s) 
accordingly, and narrate as to possible bias. 


 
16.9.4 NOTE:  Several sample types exhibit matrix effects that make recovery of the 


internal standards and surrogates very difficult. These samples must be run at 
a dilution to achieve acceptable criteria.  However, if target compounds are 
present in undiluted runs with failing QC (surrogates or internal standards) 
and are diluted out to achieve passing QC, it may be necessary to report the 
undiluted analyses with data qualifier flags and an appropriate discussion 
within the case narrative by project management.  


16.10 Sporadic Marginal Exceedance (SME) 
 


16.10.1 Based upon statistical evaluation of multi-component systems, a defined 
number of outliers may be encountered during evaluation of various QC 
criteria.  These excursions are defined as sporadic occurrences generating 
values greater than 3 times the standard deviation and less than 4 times the 
standard deviation.  For greater detail, see SOP HN-QSC-018, Sporadic 
Marginal Exceedance. 
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16.10.2 The total number of reported target analytes as documented below defines 
the maximum number of SME allowances. 


 
Table 16.10  - Number of Allowable QC failures 


Number of analytes Sporadic Marginal Exceedance Allowed 
11-30 1 
31-50 2 
51-70 3 
71-90 4 
>90 5 


16.11 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    
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19) Method Performance 
19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 


demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed.  


20) Summary of Changes 
Table 20.1 Summary of Changes 
Revision Number Effective Date Document Editor Description of Changes 


R05 9/1/12 CES Formatting 
R05 9/1/12 CW Update Calibration info 
R06 10/15/13 CES Formatting; update analyte tables 


21) References and Related Documents 


21.1 U.S. Environmental Protection Agency, “SW846-8270D, Semi-volatile Organic 
Compounds by Gas Chromatography/Mass Spectrometry”, Test Methods for Evaluating 
Solid Waste Physical/Chemical Methods, Update IV, February, 2007.   


21.2 U.S. Environmental Protection Agency, “SW846-8000C, Determinative Chromatographic 
Separations”, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
Update III, June 13, 1997. 


21.3 U.S. Environmental Protection Agency, Method 625, 40 CFR Part 136, Appendix A, 
(current version) 


21.4 Dept. of Defense Quality Systems Manual for Environmental Laboratories, Version 3, 
May 2005 


21.5 ALS Environmental Quality Assurance Manual, Revision (most current) 


21.6 Appendix A- PNA SIM Analysis 
 
 


 
 
 
 
 
 
 
 
 
 
 
 


Uncontrolled Document







SVOCs by 8270C/D - 625 
 HN-SMS-001-R06 
 Effective: 10/15/2013 
 Page 33 of 37 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


Appendix A 
PNAs by Selective Ion Monitoring (SIM) 


(All sections of the 8270 SOP apply unless otherwise specified below) 
 


Scope and Application  
 
Method 8270 can be used to determine low level Polynuclear Aromatics (PNAs) at a much lower level 
than a typical scan analysis, by using selective ion monitoring (SIM).  Instead of scanning across the 
entire range of ions, the SIM method only focuses on a few ions so the signal for those ions is much 
greater.  The following compounds may be determined by this method. 
 
Compound name   Primary Ion Secondary Ions IS Reference 
Phenol  94 65,66 1,4-Dichlorobenzene-d4 
Naphthalene  128 102,127 Naphthalene-d8 
2-Methylnaphthalene  142 141,115 Naphthalene-d8 
Acenaphthylene  152 151,153 Acenaphthene-d10 
Acenaphthene  154 153,152 Acenaphthene-d10 
Fluorene  166 165,167 Acenaphthene-d10 
Phenathrene  178 176,179 Phenanthrene-d10 
Anthracene  178 176,179 Phenanthrene-d10 
Fluoranthene  202 101,203 Phenanthrene-d10 
Pyrene  202 101,203 Chrysene-d12 
Benzo[a]anthracene  228 229,113 Chrysene-d12 
Chrysene  228 226,114 Chrysene-d12 
Benzo[b]fluoranthene  252 253,125 Perylene-d12 
Benzo[k]fluoranthene  252 253,125 Perylene-d12 
Benzo[a]pyrene  252 253,125 Perylene-d12 
Indeno[1,2,3-cd]pyrene  276 138,277 Perylene-d12 
Dibenzo[a,h]anthracene  278 139,279 Perylene-d12 
Benzo[g,h,I]perylene  276 138,277 Perylene-d12 
1,4-Dichlorobenzene-d4 (IS)  152 115,150 NA 
Phenol-d6(Surr)  99 71,42 1,4-Dichlorobenzene-d4 
Naphthalene-d8(IS)  138 68 NA 
Nitrobenzene-d5(S)  82 128,54 Naphthalene-d8 
Acenaphthene-d10(IS)  164 162,160 NA 
2-Fluorobiphenyl(S)  172 171 Acenaphthene-d10 
Phenanthrene-d10(IS)  188 94,80 NA 
2,4,6-Tribromophenol(S)  329 331,141 Phenanthrene-d10 
Chrysene-d12(IS)  240 120,236 NA 
4-Terphenyl-d14(S)  244 122,212 Chrysene-d12 
Perylene-d12(IS)  264 260,265 NA 
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Instrument conditions: 
 
 Oven 
  Initial temp.: 400C 
  Initial time: 4.00 min 
  Ramps: 
   #  Rate  Final temp. Final time 
   1 20.00  2000C  0.00 min 
   2 7.00  2250C  5.00 min 
   3 20.00  3250C  2.93 min 
  Run time: 28.5 min 
 
 Front inlet  
  Mode: Pulsed splitless 
  Initial temp.: 2500C 
  Pressure: 7.7 psi 
  Pulse pressure: 30.0 psi 
  Pulse time: 1.5 min. 
  Purge flow: 52.9 mL/min. 
  Purge time: 1.00 min. 
  Total flow: 56.4 mL/min. 
  Gas type: Helium 
 


Column 
  ZB-5 w/Guardian (Phenomenex) 
  Nominal length: 35.0 m 
  Nominal diameter: 250.00 um 
  Nominal film thickness: 0.25um 
 
 SIM parameters 
   


Group1 
  Mass  Dwell  Mass  Dwell  Mass  Dwell 
  152  50  115  50  150  50  
  99  50  71  50  42  50 
  94  50  66  50  65  50 
  136  50  137  50  108  50 
  82  50  128  50  54  50 
  102  50  127  50  142  50 
  141  50 
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  Group 2  
  Mass  Dwell  Mass  Dwell  Mass  Dwell 
  164  50  162  50  160  50  
  172  50  171  50  170  50 
  152  50  153  50  151  50 
  154  50  166  50  165  50 
  167  50  188  50  94  50 
  80  50  330  50  332  50 
  141  50  178  50  176  50 
  179  50  202  50  203  50 
  101  50  244  50  122  50 
  212  50  142  50  115  50 
 
  Group 3 
  Mass  Dwell  Mass  Dwell  Mass  Dwell 
  240  50  236  50  102  50 
  202  50  203  50  101  50 
  244  50  243  50  122  50 
  228  50  113  50  229  50 
  226  50  114  50  264  50 
  260  50  265  50  252  50 
  253  50  125  50  276  50 
  277  50  138  50  278  50 
  279  50  139  50 
 
Procedure   
  Soil samples are extracted by SW846 method 3540, 3541, or 3550. 
  Water samples are extracted by SW846 method 3510. 
 
  Surrogate:  100 ug/mL Surrogate Solution (Environmental Express) 
  50 uL per sample 
 
  Spike:  1000ug/mL 8270 MegaMix (Restek) 
   Working spike: 1mLà 25 mL 50% Methanol / 50% Methylene chloride 
     Final concentration: 40ug/mL 
   LCS/MS/MSD:  50uL each 


 
  Post extraction IS:  4000 ug/mL CLP Semi-volatile IS (Absolute Standards) 
   Working IS: 1 mL à 10mL Methylene chloride 
            Final Concentration: 400ug/mL 
   All samples: 10uL each  
 
                                   All QC criteria specified in section 11 must be achieved.   
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Soil Reporting limits (ug/Kg) 
 


AT Analyte MDL PQL 
A 2-Methylnaphthalene 0.511 3.33 
A Acenaphthene 0.723 3.33 
A Acenaphthylene 0.56 3.33 
A Anthracene 0.396 3.33 
A Benzo(a)anthracene 1.022 3.33 
A Benzo(a)pyrene 0.396 3.33 
A Benzo(b-k)fluoranthene 1.534 6.66 
A Benzo(g,h,i)perylene 0.723 3.33 
A Chrysene 1.188 3.33 
A Dibenzo(a,h)anthracene 0.792 3.33 
A Fluoranthene 0.56 3.33 
A Fluorene 0.56 3.33 
A Indeno(1,2,3-cd)pyrene 0.792 3.33 
A Naphthalene 0.56 3.33 
A Phenanthrene 0.396 3.33 
A Phenol 1.71 5 
A Pyrene 0.396 3.33 
S 2-Fluorobiphenyl 0 0 
S 4-Terphenyl-d14 0 0 
S Nitrobenzene-d5 0 0 


  


Soil LCS/MS/MSD Recovery Limits 
 


AT Analyte SPK Low High RPD 
A 2-Methylnaphthalene 66.667 50 110 40 
A Acenaphthene 66.667 35 110 40 
A Acenaphthylene 66.667 35 115 40 
A Anthracene 66.667 45 125 40 
A Benzo(a)anthracene 66.667 50 105 40 
A Benzo(a)pyrene 66.667 40 135 40 
A Benzo(b-k)fluoranthene 133.333 55 120 40 
A Benzo(g,h,i)perylene 66.667 55 115 40 
A Chrysene 66.667 55 120 40 
A Dibenzo(a,h)anthracene 66.667 45 115 40 
A Fluoranthene 66.667 40 135 40 
A Fluorene 66.667 45 105 40 
A Indeno(1,2,3-cd)pyrene 66.667 55 135 40 
A Naphthalene 66.667 50 110 40 
A Phenanthrene 66.667 55 125 40 
A Phenol 66.667 40 110 40 
A Pyrene 66.667 50 115 40 
S 2-Fluorobiphenyl 166.667 12 100 40 
S 4-Terphenyl-d14 166.667 25 137 40 
S Nitrobenzene-d5 166.667 37 107 40 
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                                  Water Reporting Limits (ug/L) 
 


AT Analyte MDL PQL 
A 2-Methylnaphthalene 0.028 0.07 
A Acenaphthene 0.084 0.06 
A Acenaphthylene 0.061 0.08 
A Anthracene 0.123 0.06 
A Benzo(a)anthracene 0.164 0.04 
A Benzo(a)pyrene 0.049 0.08 
A Benzo(b)fluoranthene 0.076         0.09 
A Benzo(b-k)fluoranthene 0.076 0.11 
A Benzo(g,h,i)perylene 0.054 0.08 
A Benzo(k)fluoranthene 0.076 0.05 
A Chrysene 0.062 0.05 
A Dibenzo(a,h)anthracene 0.069 0.08 
A Fluoranthene 0.063 0.07 
A Fluorene 0.092 0.05 
A Indeno(1,2,3-cd)pyrene 0.056 0.07 
A Naphthalene 0.046 0.07 
A Phenanthrene 0.024 0.08 
A Phenol 0.013 0.04 
A Pyrene 0.013 0.05 
S 2-Fluorobiphenyl 0 0 
S 4-Terphenyl-d14 0 0 
S Nitrobenzene-d5 0 0 


 
Water LCS/MS/MSD Recovery Limits 


 
AT Analyte SPK Low High RPD 
A 2-Methylnaphthalene 2 45 105 40 
A Acenaphthene 2 45 110 40 
A Acenaphthylene 2 50 105 40 
A Anthracene 2 55 110 40 
A Benzo(a)anthracene 2 55 110 40 
A Benzo(a)pyrene 2 55 110 40 
A Benzo(b)fluoranthene 2 45 120 40 
A Benzo(b-k)fluoranthene 4 45 120 40 
A Benzo(g,h,i)perylene 2 40 125 40 
A Benzo(k)fluoranthene 2 45 120 40 
A Chrysene 2 55 110 40 
A Dibenzo(a,h)anthracene 2 40 125 40 
A Fluoranthene 2 55 115 40 
A Fluorene 2 50 110 40 
A Indeno(1,2,3-cd)pyrene 2 45 125 40 
A Naphthalene 2 40 100 40 
A Phenanthrene 2 50 115 40 
A Phenol 2 10 115 40 
A Pyrene 2 50 130 40 
S 2-Fluorobiphenyl 5 10 112  
S 4-Terphenyl-d14 5 10 132  
S Nitrobenzene-d5 5 15 110  
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1) Scope and Applicability 


Organochlorine Pesticides 
HN-GC-001-R04 
Effective: 09/01/2012 
Page 1 of 28 


1.1 This Standard Operating Procedure is used to determine the concentrations of 
various organochlorine pesticides in extracts from solid and liquid matrices 
utilizing a gas chromatograph equipped with electron capture detectors (ECD). 
This procedure references SW-846 Method 8081 A. 


Compound CAS Registry No Compound CAS Registry No 
4,4'-DDD 72-54-8 Endosulfan I 959-98-8 
4,4'-DDE 72-55-9 Endosulfan II 33213-65-9 
4,4'-DDT 50-29-3 Endosulfan sulfate 1031-07-8 
Aldrin 309-00-2 Endrin 72-20-8 
a-BHC 319-84-6 Endrin aldehyde 7421-93-4 
P-BHC 319-85-7 Endrin ketone 53494-70-5 
y-BHC (Lindane) 58-89-9 Heptachlor 76-44-8 
8-BHC 319-86-8 Heptachlor epoxide 1024-57-3 
a-Chlordane 5103-71-9 Methoxychlor 72-43-5 
y-Chlordane 5103-74-2 Toxaphene 8001-35-2 
Dieldrin 60-57-1 


1 .2 This SOP describes analytical conditions for a second gas chromatographic 
column that can be used to confirm the measurements made with the primary 
column. 


1.3 This SOP includes a dual-column that allows a hardware configuration of two 
analytical columns joined to a single injection port. The option allows one 
injection to be used for dual-column analysis. 


2) Summary of Procedure 


2.1 A measured volume or weight of sample (approximately 1 L for liquids, lSg for 
solids) is extracted using the appropriate matrix-specific sample extraction 
technique. 


2.2 Aqueous samples are extracted at neutral pH with methylene chloride using 
Method 3 51 OC (separatory funnel). Solid samples are extracted with a 
hexane/acetone mixture using Method 3540 (Soxhlet), Method 3541 (Automated 
Soxhlet), or Method 3550 (ultrasonic extraction). The extraction procedures use 
a hexane solvent exchange (if necessary) in preparation of the final extract for 
analysis by GC/ECD. 


2.3 A variety of cleanup steps may be applied to the extract, depending on the 
nature of the matrix interferences and the target analytes. Suggested cleanups 
include alumina (Method 361 0), Florisil (Method 3620), silica gel (Method 3630), 
gel permeation chromatography (Method 3640), and sulfur (Method 3660). 
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2.4 After cleanup, the extract is analyzed by injecting a 11JL sample into a gas 
chromatograph equipped with a narrow bore fused silica capillary column and 
electron capture detector (GC/ECD). 


3) Definitions 


3.1 GC/ECD =Gas Chromatograph I Electron Capture Detector 


3.2 Organic Free Water: Deionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1 .0 umhos/cm). For 
additional purification before use, the Dl water is passed through an activated 
carbon filter. 


3.3 Laboratory Control Sample (LCS): A known matrix spiked with compound(s) 
representative of the target analytes. 


3.4 Matrix: The componentor substrate (e.g., surface water, groundwater, soil) that 
contains the analyte of interest. 


3.5 Matrix Spike (MS): An aliquot of sample spiked with a known concentration of 
target analyte(s). The spiking occurs prior to sample preparation and analysis. 


3.6 Matrix Spike Duplicate (MSD): A duplicate sample spiked with identical 
concentrations of target analyte(s). The spiking occurs prior to sample 
preparation and analysis. 


3.7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is 
carried through the complete sample preparation and analytical procedure. 


3.8 Standard Curve: A plot of concentrations of known analyte standards versus the 
instrument response to the analyte. Calibration standards are prepared by 
successively diluting a standard solution to produce working standards that cover 
the working range of the instrument and are prepared at the frequency specified 
in the calibration section of the method. 


3.9 Surrogate: An organic compound which is similar to the target analyte(s) in 
chemical composition and behavior in the analytical process, but which is not 
normally found in environmental samples. 


3.1 0 NCR/CAR: Non-Conformance/Corrective Action Report (refer to SOP HN-QS-003, 
current revision) 


4) Health and Safety Warnings 


4.1 Lab Safety 


4.1 .1 Due to various hazards in the laboratory, safety glasses, disposable 
gloves, and laboratory coats or aprons must be worn when working with 
unknown samples. In addition, heavy-duty gloves and a face shield are 
recommended when dealing with toxic, caustic, and/or flammable 
chemicals. 


4.1 .2 The toxicity or carcinogenicity of each reagent used has not been 
precisely defined. However, each chemical used must be treated as a 
potential health hazard and exposure reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA 


ALS GROUP USA, CORP. Part of the ALS Group A Campbell Brothers Limited Company 


, I 
enultonmental .. ! www.alsglobal.com 


RICiHT SOLUTIOnS RIGHT PARTnER 







Uncontrolled Copy
STANDARD OPERATING PROCEDURE 


Organochlorine Pesticides 
HN-GC-001-R04 
Effective: 09/01/2012 
Page 3 of 28 


regulations regarding the safe handling of the chemicals specified in 
this method. A reference file of data handling sheets (MSDS) is available 
to all personnel involved in these analyses. 


4.2 Waste Disposal 


4.2.1 Procedures for sample disposal are documented in SOP HN-SAF-001, 
Waste Disposal Procedures. 


4.2.2 Samples must be disposed according to Federal, State, and local 
regulations. 


4.3 Pollution Prevention 


5) Cautions 


4.3 .1 The quantities of chemicals purchased, when possible, must be based 
on the expected usage during its shelf life. 


4.3.2 Standards and reagents must be prepared in volumes consistent with 
laboratory use to minimize the volume of expired standards or reagents 
to be disposed. 


5.1 The electron capture detectors measure chlorinated compounds. Exposure of the 
detectors to extraneous chlorinated sources, such as methylene chloride, must 
be avoided. 


5.2 Analysts should evaluate the specific toxaphene standard carefully. Some 
Toxaphene components, particularly the more heavily chlorinated components, 
are subject to dechlorination reactions. Therefore, standards from different 
vendors may exhibit marked differences that could lead to possible false negative 
results or to large differences in quantitative results. 


5.3 Routine preventative maintenance must be performed as scheduled and 
documented to assure optimum instrument performance. Refer to SOP HN-EQ-
004 for additional information. 


6) Interferences 


6.1 Sources of interference in this method can be grouped into three general 
categories. 


6.1 .1 Contaminated solvents, reagents, or extraction apparatus. 
6.1 .2 Contaminated GC carrier gas, parts, column surfaces, or detector 


surfaces. 
6.1 .3 Compounds extracted from the sample matrix to which the detector will 


respond. 


6.2 Interferences co-extracted from the samples will vary considerably. While general 
cleanup techniques are referenced, unique samples may require additional 
cleanup approaches to achieve desired degrees of discrimination and 
quantitation. 


6.3 Interferences by phthalate esters introduced during sample preparation can pose 
a major problem in pesticide determinations. 


6.3 .1 These materials may be removed prior to analysis using Method 3640 
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(Gel Permeation Cleanup) or Method 3630 (Silica Gel Cleanup}. 
6.3.2 Common flexible plastics contain varying amounts of phthalate esters 


that are easily extracted or leached from such materials during 
laboratory operations. 


6.3.3 Cross-contamination of clean glassware routinely occurs when plastics 
are handled during extraction steps, especially when solvent-wetted 
surfaces are handled. 


6.3.4 Glassware must be scrupulously cleaned. Clean all glassware as soon as 
possible after use by rinsing with the last solvent used. The cleaning 
should include detergent washing with hot water, and rinses with tap 
water, and rinses with organic-free reagent water. Drain the glassware 
and dry it in an oven at 1 30'C for several hours, or rinse with methanol 
and drain. Store dry glassware in a clean environment. 


6.4 Other halogenated pesticides or industrial chemicals may interfere with the 
analysis of pesticides. Co-eluting organophosphorus pesticides may be 
eliminated utilizing Method 3640 (gel permeation cleanup- pesticide option). Co
eluting chlorophenols may be eliminated utilizing Method 3630 (silica gel), 
Method 3620 (florisil), or Method 3610 (alumina). Polychlorinated biphenyls 
(PCBs) also may interfere with the analysis of the organochlorine pesticides. The 
problem may be most severe for the analysis of multi-component analytes such 
as Chlordane, Toxaphene, and Strabane. If PCBs are known or expected to occur 
in samples, the analyst should consult Methods 3620 and 3630 for techniques 
that may be used to separate the pesticides from the PCBs. 


7) Personnel Qualifications and Responsibilities 


7.1 This method should be used by, or under the supervision of, analysts 
experienced in the use of solvent extraction and gas chromatography. The 
analysts should also be skilled in the interpretation of capillary gas 
chromatography, quantitation using computerized data, and use of peak 
processing software with baseline and peak grouping function. 


7.2 Analyst- It is the responsibility of the analyst(s) to: 


7.2.1 Produce contractually compliant data that meets all quality requirements 
using this procedure and the Data Reduction, Review and Validation SOP 
(HN-QS-009). 


7.2.2 Complete the required demonstration of proficiency before performing 
this procedure without supervision. 


7.2.3 Create and populate a LIMS data entry batch for review by the 
Supervisor. 


7.3 Section Supervisor- It is the responsibility of the section supervisor to: 


7.3.1 Ensure that all analysts have the technical ability and have received 
adequate training required to perform this procedure. 


7.3.2 Ensure analysts have completed the required demonstration of 
proficiency before performing this procedure without supervision. 


7.3.3 Produce contractually compliant data that meets all quality requirements 
using this procedure and the Data Reduction, Review and Validation 
SOP. 
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7.4 Project Manager- It is the responsibility of the Project Manager to: 


7.4.1 Ensure that all contractual requirements for a client requiring this 
procedure are understood prior to initiating this procedure for a given 
set of samples. 


8) Sample Collection, Handling, and Preservation 


8.1 Water samples are collected in 1-liter glass jars with Teflon lined lids. Samples 
must be extracted within 7 days of collection and stored at 4 ± 2 oc until 
extraction. 


8.2 Solid samples are collected in glass jars with Teflon lined lids. Solid samples 
must be extracted within 14 days of sample collection and stored at 4 ± 2 oc 
until extraction. 


8.3 Sample extracts must be stored at 4 ± 2 °C, and must be analyzed within 40 days 
of the extraction date. 


8.4 For aqueous samples collected from sources having residual chlorine present, 
preserve by addition of 3-ml of 10% sodium thiosulfate solution per gallon (or 
0.008%). The addition of sodium thiosulfate solution to sample container may be 
performed in the laboratory prior to field use. 


SEMIVOLATILE ORGANICS I ORGANOCHLORINE PESTICIDES I 
PCBs AND HERBICIDES 


Sample Matrix Container Preservative Holding Time 
Concentrated Waste 125-mL widemouth glass None Samples extracted within 14 
Samples with Teflon lined lid. days and extracts analyzed 


within 40 days following 
extraction. 


Aqueous Samples With 1-gal., 2 x 0.5-gal., or 4 x Cool to 4°C Samples extracted within 7 
No Residual Chlorine 1-L, amber glass container days and extracts analyzed 
Present with Teflon-lined lid. within 40 days following 


extraction. 
Aqueous Samples WITH 1-gal., 2 x 0.5-gal., or 4 x Add 3-ml 10% sodium Samples extracted within 7 
Residual Chlorine 1-L, amber glass container thiosulfate solution per gallon days and extracts analyzed 
Present with Teflon-lined lid. (0.008%). Addition of sodium within 40 days following 


thiosulfate solution to sample extraction. 
container may be performed in 
the laboratory prior to field 
use. Cool to 4°C. 


Solid Samples (e.g. soils, 250-mL wide-mouth glass Cool to 4°C Samples extracted within 14 
sediments, sludges, ash) container with Teflon- days and extracts analyzed 


lined lid within 40 days following 
extraction. 


9) Equipment and Supplies 


9.1 Gas chromatograph -A HP 6890 GC (or equivalent) equipped with electron 
capture detector(s) (ECD). 
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9.2 GC columns -The dual column approach involves a single injection that is split 
between two columns that are mounted by a Y-shaped fused silica connector in a 
single gas chromatograph. Recommended columns are: 


9.2.1 30.0m x 0.25mm ID x 0.25um Stx-CLPesticides (Restek cat.# 11543) 
9.2.2 30.0m x 0.25mm ID x 0.20 um Stx-CLPesticides2 (Restek cat.# 11443) 
9.2.3 5m x 0.25mm ID Siltek Deactivated Guard Column 


9.3 Syringes- 1 Oul, 0.1 ml, 0.5ml & 1.0ml 


9.4 Volumetric Flasks, class A, assorted sizes 


1 0) Standards and Reagents 


10.1 Note: Store the standard solutions (stock, composite, calibration and surrogate) 
at 0 to 6° C in Teflon™ sealed containers in the dark. All purchased stock 
standard solutions should be replaced after one year or sooner if routine QC 
tests indicate a problem. All purchased stock standard solutions must be 
replaced after reaching the manufacturer's expiration date assigned to the 
standard. All laboratory prepared standard solutions must be replaced after six 
months or sooner if routine QC indicates a problem. 


10.2 Solvents used in the extraction and cleanup procedures (appropriate 3500 and 
3600 series methods) include n-hexane, methylene chloride, acetone and ethyl 
acetate and must be exchanged to n-hexane prior to analysis. Therefore, n
hexane is required in this procedure. Acetone or toluene may be required for the 
preparation of some standard solutions. All solvents must be pesticide quality or 
equivalent. Reagent grade or pesticide grade chemicals shall be used. 


10.3 Stock standard solutions should be purchased as certified solutions. Two 
calibration mixtures are prepared for the single component analytes of this 
method. This procedure is used to minimize potential resolution and quantitation 
problems on confirmation columns and to allow determination of endrin and 
4,4'-DDT breakdown for method QC. Separate single level calibration standards 
are prepared for each multi- component target analyte (e.g., Toxaphene and 
Chlordane). 


10.4 Expiration dates of working standards must not exceed those of the parent 
standard(s). 


10.5 Stock Pesticide Surrogate Mix@ 200 ~g/ml (decachlorobiphenyl and 2,4,5,6 
tetra chloro-meta-xylene), Ultra ISM-320 or equivalent 


1 0.5.1 Pesticide Surrogate Spiking Mix@ 1 ug/ml: 


1 0.5.1 .1 Add 500 ul of the stock pesticide surrogate mix (Section 1 0.5) to 
approximately 90 ml of hexane in a 100 ml Class A volumetric 
flask. 


1 0.5.1.2 Bring to volume with hexane and transfer to an appropriately 
labeled container. 


1 0.5.1.3 This solution should be replaced every 6 months or if degradation 
is noted. 
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1 O.S.1.4 The expiration date of this solution may not exceed that of its 
parent stock. 


10.6 Pesticide Calibration Mix@ 1 000 ug/ml, Ultra Scientific #PPM-808C or equivalent 


10.7 Pesticide Initial Calibration Working Stock@ 1 ug/ml: 


1 0.7.1 Add 10 ul of the pesticide calibration mix (Section 1 0.6) to 
approximately 8 ml of hexane in a 1 0 ml Class A volumetric flask. 


1 0.7.2 Add SO ul of the pesticide surrogate mix (Section 1 O.S). 
1 0.7.3 Bring to final volume with hexane and transfer to an appropriately 


labeled container. 
1 0.7.4 This solution should be replaced every 6 months or if degradation is 


noted. 
1 0.7.S The expiration date of this solution may not exceed that of any parent 


stock. 


10.8 Initial Calibration Standards: 


Level A 
LevelB 
Level C 
LevelD 
LevelE 
LevelF 
Level G 
LevelH 


1 0.8.1 Using an appropriate sized syringe, add the amounts as noted in Table 
10.9 of initial calibration working stock (Section 1 0.8) and hexane to a 2 
ml amber vial. 


1 0.8.2 Prepare every 6 months or if degradation is noted. 


Table 10.8 Hexane I Cal Final Volume Cone. 
(ul) Working (ml) (ug/ml) 


Stock (ul) 
990 10 1 0.01 
980 20 1 0.02 
970 30 1 0.03 
950 50 1 0.05 
920 80 1 0.08 
900 100 1 0.10 
850 150 1 0.15 
800 200 1 0.20 


10.9 Organochlorine Pesticide Mix AB #1 @ 200 ug/ml, Restek #32291 or equivalent 


10.10 Initial Calibration Verification Stock Standard@ 1 .0 ug/ml 


10.10.1 Add SO ul of the stock pesticide surrogate mix (Section 1 O.S) to 
approximately 8 ml of hexane in a 1 0 ml Class A volumetric flask. 


10.10.2 Add SO ul of the pesticide mix AB #1 (Section 1 0.9). 
10.1 0.3 Bring to final volume with hexane and transfer to an appropriately 


labeled container. 
10.1 0.4 Replace every 6 months or if degradation is noted. 
10.1 O.S The expiration date may not exceed that of any parent stock. 


10.11 Stock Toxaphene Standard, 1 000 f..lg/ml: Restek # 3200S or equivalent. 


10.11 .1 Toxaphene Initial Calibration Standard, 100 (..lg/ml : using the 
appropriate syringe, inject 1 000 f..ll of Stock Toxaphene (sec 1 0.11) into 
a 1 0 ml volumetric flask containing -8 ml of pesticide grade n-hexane. 
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Bring to volume and mix. Transfer to an amber glass bottle. Prepare 
fresh semi-annually. 


1 0.11 .2 Working Toxaphene Calibration Standards (Levels 1 through 6): using 
the appropriate syringe, inject noted volumes in Table 10.11 .2 of 
Toxaphene Initial Calibration Standard (sec 10.11.1) and pesticide grade 
n-hexane into a 2m I clear vial. 


Table 10.11.2 Hexane ICal Stock Final Volume Cone. 
(ul) (ul) (ml) (ug/ml) 
990 10 1 1.0 
975 25 1 2.5 
950 50 1 5.0 
900 100 1 10.0 
750 250 1 25.0 
500 500 1 50.0 


10.12 Stock Technical Chlordane, 1000 1-lg/ml: Restek # 32021 or equivalent. 


Level A 
Level B 
Level C 
LevelD 
Level E 
LevelF 


10.12.1 T. Chlordane Initial Calibration Stock, 100 1-lg/ml: using the appropriate 
syringe, inject 1000 J.!L of Stock Chlordane (sec 1 0.12) into a 10 ml 
volumetric flask containing ~8 ml of pesticide grade n-hexane. Bring to 
volume and mix. Transfer to a glass bottle. Prepare fresh semi-annually. 


10.12.2 Working T. Chlordane Calibration Standards (Levels 1 through 6): using 
the appropriate syringe, inject noted volumes in Table 10.12.2 ofT. 
Chlordane Initial Calibration Standard (sec 1 0.11 .1) and pesticide grade 
n-hexane into a 2m I clear vial. 


Table 10.12.2 Hexane ICal Stock Final Volume Cone. 
(ul) (ul) (ml) (ug/ml) 
990 10 1 1.0 
975 25 1 2.5 
950 50 1 5.0 
900 100 1 10.0 
750 250 1 25.0 
500 500 1 50.0 


10.1 3 Degradation Check Solution (4,4'-DDT and Endrin @various concentrations): 
Ultra ISM-450 or equivalent. 


ll) Method Calibration 


11 .1 Analytical Conditions: The dual-column approach involves the use of two fused
silica open-tubular columns of different polarities, thus, different selectivity 
towards the target analytes. The columns are connected to an injection tee and 
separate electron-capture detectors or utilized separately (dependent upon GC 
setup). Recommended operating conditions are: 
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GC Operating Conditions 
GC Conditions Column Pair 1 
Carrier gas: Helium 
Carrier gas flow rate: 1.7mllminute @120°C 


(Constant) 
Head pressure: 21.35 psi 
Makeup gas: Nitrogen 
Makeup gas flow rate: 75ml/minute 
Injector temperature: 250°C 
Detector temperatures: 350°C 
Temperature program: 100°c to 200°C at 50°C/minute, 


to 230°C at 12.SOC/minute, to 
330°C at 30°C/minute and hold 
for 2minutes. 
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Column Pair 2 
Helium 
1.7ml/minute @120°C 
(Constant) 


21.35 psi 
Nitrogen 
75ml/minute 
250°C 
375°C 
100°c to 200°C at 50°C/minute, to 
230°C at 12.5°C/minute, to 330°C 
at 30°C/minute and hold for 
2minutes .. 


Note: Once optimized and calibrated, the same GC conditions must be used for analysis of all standards, 
samples, blanks and QC samples (LCS/MS/MSD). 


11 .2 Initial Calibration Curve: External standard calibration should be used with 
Method 8081 A due to the sensitivity of the electron capture detector and the 
probability of the internal standard being affected by interferences. Because 
several of the pesticides may co-elute on any single-column, analysts use two 
calibration mixtures. Because of the sensitivity of the electron capture detector, 
the injection port and column must always be cleaned prior to performing the 
initial calibration. A 5-point (minimum) calibration curve is required for all 
analytes. 


11.2.1 A 1 f..ll injection volume of each calibration standard is used. Other 
injection volumes may be employed, if sensitivity for the compounds of 
interest is adequate. 


11 .2.2 GC Column Deactivation: Low concentrations of pesticide standards 
injected on a GC/ECD column may result in adsorption when the GC has 
not been in continuous use (several days or more). To deactivate the 
potential column adsorption, the GC column should be primed (or 
deactivated) by injecting a pesticide standard mixture approximately 20 
times more concentrated than the mid-concentration standard. Inject 
this standard mixture prior to beginning the initial calibration or 
calibration verification. 


11 .3 Calibration Factors for Initial Calibration 


For the initial curve generation, calculate the calibration factor for each analyte at each 
standard concentration. Calculate the mean calibration factor, and the relative 
standard deviation (RSD) of the calibration factors, using pertinent formula listed 
below. The calculation for the calibration factor and corresponding RSD for each 
analyte is described in section 1 5. 


11 .3.1 If the RSD for each analyte is< 15%, then the response of the instrument 
is considered linear and the mean calibration factor can be used to 
quantitate sample results. If the RSD is greater than 15%, then linearity 
through the origin cannot be assumed. The analyst must use a 
calibration curve or a non-linear calibration model (e.g., a polynomial 
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11.3.2 For a linear calibration curve (y =ax+ b), the analyst shall not force the 
line through the origin, but leave the intercept calculated. In addition, 
do not include the origin (0,0) as a calibration point. In order to be used 
for quantitative purposes, a correlation coefficient must be greater than 
or equal to 0.995. 


11 .3.3 When the other approaches described above have not met the 
acceptance criteria, a non-linear calibration model may be employed. A 
quadratic (second order) model requires a minimum of six standards. 


11.3.3.1 Y = ax2+bx+c 


11 .3.3.2 In order to be an acceptable non-linear calibration, the coefficient 
of the determination (COD) must be greater than or equal to 0.995. 


11 .3 .4 Retention time window: 


11.3.4.1 Record the retention time for each analyte in each calibration 
standard 


11.3.4.2 Calculate the mean retention time for each analyte and the standard 
deviation (SO) 


11.3.4.3 Set the retention time window for each analyte to the mean value± 
3 times the SO 


11 .3.4.4 If the SO of the analyte is 0.000 (no difference between analyses), 
use a default SO of 0.01 minutes 


11 .3.4.5 Retention time windows must be established for each instrument 
and for analytical modifications. 


11 .3.4.6 If the instrument software cannot process analyte specific retention 
time windows, the analyst may choose the widest window and apply 
it to all analytes. 


11 .4 Initial Calibration Verification 


11 .4.1 Verify each new Initial Calibration using a second source standard at or 
near the midpoint of the curve. Agreement with the new curve must be 
± 1 5 percent of the true value of the second source standard. 


11 .5 Continuing Calibration Verification 


11 .5.1 Verify calibration by injecting calibration verification standards prior to 
sample analyses, after every 20 samples, and at the end of the 
sequence. 


11 .5.2 Instrument blanks may not be used prior to a CCV for the purpose of 
achieving acceptance criteria (see Section 12.6). 


11.5.3 Due to the instability and potential drift of the ECD, the analyst should 
alternate the mid-level CCV with the high and low-level CCVs. 


11.5.4 The calibration for each analyte shall not exceed a± 15 percent 
difference from the mean calibration factor calculated for the initial 
calibration. 


11 .5.5 The% drift calculated for the calibration verification standard must be 
within+/- 1 5% for each analyte, or averaged across all analytes before 
any sample analysis may take place. 
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11.5.6 If the calibration does not meet the ±15% limit, check the instrument 
operating conditions, and if necessary, restore them to the original 
settings, and inject another aliquot of the calibration verification 
standard. If the response for the analyte is still not within ± 1 5%, then a 
new initial calibration must be prepared. 


11.5.7 Compare the retention time of each analyte in the calibration standard 
with the established retention time window. Each analyte must fall 
within its respective retention time window. If not, the gas 
chromatographic system must either be adjusted so that a second 
analysis of the standard does result in all analytes falling within their 
retention time windows, or a new initial calibration must be performed 
and new retention time windows established. 


11 .6 Degradation Check 


11.6.1 


11 .6.2 


11 .6.3 
11 .6.4 


Pesticide breakdown (degradation) must be verified prior to sample 
analysis or once every 12 hours whichever is less by injecting 1 ul of the 
pesticide degradation check solution (Section 1 0.1 .4.1 ). 
The presence of 4,4'-DDE, 4,4'-DDD, endrin ketone, or endrin indicates 
breakdown. 
Degradation of DDT or endrin must be~ 1 5% prior to sample analysis. 
Caluclate breakdown percentage as follows: 


%DDT Breakdown= Sum of degradation areas (DDD + DDE) X 100 
Sum of all areas (DDT+DDE+DDD) 


% Endrin Breakdown= Sum of degradation areas (aldehyde+ ketone) X 100 
Sum of all areas (Endrin + aldehyde + ketone) 


1 2) Sample Preparation/ Analysis 


12.1 Sample Preparation 


12.1.1 
12.1.2 


Water samples are extracted utilizing SW 3510 (SOP HN-EXT-001). 
Soil samples are extracted utilizing SW 3 540 (SOP HN-EXT-002) or SW 
3541 (SOP HN-EXT 003). 


12.2 Gas chromatographic analysis of sample extracts 


' ' 


1 2.2.1 
12.2.2 


12.2.3 


Inject an aliquot of the concentrated sample extract. 
Tentative identification of an analyte occurs when a peak from a sample 
extract falls within the absolute retention time window. Tentative 
identifications must be confirmed using either a second GC column of 
dissimilar stationary phase or a dissimilar detector. 
When results are confirmed, the analyst should check the agreement 
between the quantitative confirmations. Unless otherwise specified in 
an approved project plan, the higher result should be reported, as this is 
a conservative approach relative to protection of the environment. 
Calculate the relative percent difference of the results using the formula 
below. 


1 2.2 .3 .1 RPD = (([Rl-R)) I (( .Rl +Rl) I 2)) X 1 00 
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12.2.4 If one column result is significantly higher (>40%), check the 
chromatograms to see if an obvious overlapping peak is causing an 
erroneously high result. If no overlapping peaks are noted, examine the 
baseline parameters established during peak integration. If no 
anomalies are noted, review the chromatographic conditions. If there is 
no evidence of a chromatographic problem, report the higher result. 
The data user must be advised of the disparity between the results on 
the two columns (LIMS will place a data flag). 


12.3 Calculate constituent concentration as specified in Section 1 5. 


12.4 The MQL must be at or above the lowest level of calibration. 


12.5 If the responses exceed the calibration range of the system, the extract must be 
diluted and reanalyzed. 


12.6 If instrument blanks are utilized to maintain system cleanliness, blank injections 
must be maintained on a consistent basis (i.e., after every sample, every 5 
samples, etc). 


12.7 Peak height measurements are recommended over peak area integration when 
overlapping peaks cause errors in area integration. 


12.8 Each sample analysis must be bracketed with an acceptable initial calibration, 
calibration verification standard(s) (each 12-hour analytical shift), or calibration 
standards interspersed within the samples. Although analysis of a single mid
concentration standard (standard mixture or multi-component analyte) will satisfy 
the minimum requirements, analysts are urged to use different calibration 
verification standards during organochlorine pesticide analyses. Also, multi-level 
standards (mixtures or multi-component analytes) are highly recommended to 
ensure that the detector response remains stable for all the analytes over the 
calibration range. 


12.9 The results from these bracketing standards must meet the calibration 
verification criteria of+/- 1 5%. When calibration verification standards fail to 
meet QC criteria, all samples that were injected after the last acceptable standard 
must be re-analyzed and/or evaluated to prevent improper reporting. More 
frequent analysis of standards will minimize the number of sample extracts that 
require such action if the QC limits are violated for the standard analysis. 


Note: If the standard analyzed after a group of samples exhibits a response for an analyte that is above 
the acceptance limit (i.e., > 15%) and the analyte was not detected in the applicable samples, the extracts 
for those samples do not need to be reanalyzed. 


12.10 Sample injections may continue for as long as the calibration verification 
standards (and standards interspersed with the samples) meet instrument QC 
requirements. 
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12.11 Use the calibration standards analyzed during the sequence to evaluate retention 
time stability. Each injection of a standard during the analytical run (i.e., those 
standards injected every 20 samples, or more frequently) must be checked 
against the retention time windows. If any of these subsequent standards fall 
outside their absolute retention time windows, determine the cause of the 
problem and correct it. If the problem cannot be corrected, a new initial 
calibration must be performed. 


12.12 Identification of mixtures (i.e. Chlordane and Toxaphene) is based on the 
characteristic "fingerprint" retention time and shape of the indicator peak(s); and 
quantitation is based on the area under the characteristic peaks as compared to 
the area under the corresponding calibration peak(s) of the same retention time 
and shape generated using either internal or external calibration procedures. 


12.1 3 If compound identification or quantitation is precluded due to interference (e.g., 
broad, rounded peaks or ill-defined baselines are present) cleanup of the extract 
or replacement of the capillary column or detector is warranted. Rerun the 
sample on another instrument to determine if the problem results from analytical 
hardware or the sample matrix. 


1 2.14 Quantitation of Toxaphene: Toxaphene is manufactured by the chlorination of 
camphenes. Quantitation of Toxaphene is difficult, but reasonable accuracy can 
be obtained. To calculate Toxaphene from GC/ECD results: 


12.14.1 Inject a Toxaphene standard that is estimated to be within± 10 ng of 
the sample amount. 


12.14.2 Quantitate Toxaphene using the total area of the Toxaphene pattern or 
using 4 to 6 major peaks. While Toxaphene contains a large number of 
compounds that will produce well-resolved peaks in a GC/ECD 
chromatogram, it also contains many other components that are not 
chromatographically resolved. This unresolved complex mixture results 
in the "hump" in the chromatogram that is characteristic of this mixture. 
Although the resolved peaks are important for the identification of the 
mixture, the area of the unresolved complex mixture contributes a 
significant portion of the area of the total response. 


12.14.3 Toxaphene may also be quantitated based on 4 to 6 major peaks. When 
Toxaphene is determined using the 4 to 6 peaks approach, the analyst 
must take care to evaluate the relative areas of the peaks chosen in the 
sample and standard chromatograms. It is highly unlikely that the 
peaks will match exactly, but the analyst should not employ peaks from 
the sample chromatogram whose relative sizes or areas appear to be 
disproportionately larger or smaller in the sample compared to the 
standard. The heights or areas of the 4 to 6 peaks should be summed 
together and used to determine the Toxaphene concentration. 
Alternatively, use each peak in the standard to calculate a calibration 
factor for that peak, using the total mass of Toxaphene in the standard. 
These calibration factors are then used to calculate the concentration of 
each corresponding peak in the sample chromatogram and the 4 to 6 
resulting concentrations are averaged to provide the result for the 
sample. Chlordane -Technical Chlordane is a mixture of at least 11 
major components and 30 or minor components that is used to prepare 
specific pesticide formulations. The CAS Registry number for Technical 
Chlordane is properly given as 12789-03-6. Trans-Chlordane (or a-


ALS GROUP USA, CORP. Part of the ALS Group A Campbell Brothers Limited Company 


. Enulranmental ,J.j j WWW,alsglobai,(Offi 
RIQHT SOLUTIOnS RIGHT PARTnER 







Uncontrolled Copy
STANDARD OPERATING PROCEDURE 


Organochlorine Pesticides 
HN-GC-001-R04 
Effective: 09/01/2012 
Page 14 of 28 


Chlordane, CAS RN 51 03-71-9)and cis-Chlordane (y-Chlordane, CAS RN 
51 03-74-2), are the two most prevalent major components of Technical 
Chlordane. However, the exact percentage of each in the technical 
material is not completely defined, and is not consistent from batch to 
batch. Moreover, changes may occur when the technical material is 
used to prepare specific pesticide formulations. The approach used for 
evaluating and reporting Chlordane results will often depend on the end 
use of the results and the analyst's skill in interpreting this multi
component pesticide residue. The following sections discuss three 
specific options: reporting Technical Chlordane (12789-03-6), reporting 
Chlordane (not otherwise specified, 57-74-9), and reporting the 
individual Chlordane components that can be identified under their 
individual CAS numbers. 


12.14.4 When the GC pattern of the residue resembles that of Technical 
Chlordane, the analyst may quantitate Chlordane residues by comparing 
the total area of the Chlordane chromatogram using three to five major 
peaks or the total area. If the Heptachlor epoxide peak is relatively 
small, include it as part of the total Chlordane area for calculation of the 
residue. If Heptachlor and/or Heptachlor epoxide are much out of 
proportion, calculate these separately and subtract their areas from the 
total area to give a corrected Chlordane area. 
(NOTE: Octachloroepoxide, a metaJ?olite of Chlordane, can easily be mistaken for 
Heptachlor epoxide on a nonpolar GC column.) 


12.14.5 To measure the total area of the Chlordane chromatogram, inject an 
amount of a Technical Chlordane standard that will produce a 
chromatogram in which the major peaks are approximately the same 
size as those in the sample chromatograms. Construct the baseline of 
Technical Chlordane in the standard chromatogram between the 
retention times of the first and last eluting Toxaphene components. Use 
this area and the mass of Technical Chlordane in the standard to 
calculate a calibration factor. Construct a similar baseline in the sample 
chromatogram, measure the area, and use the calibration factor to 
calculate the concentration in the sample. 


12.14.6 The GC pattern of a Chlordane residue in a sample may differ 
considerably from that of the Technical Chlordane standard. In such 
instances, it may not be practical to relate a sample chromatogram back 
to the pesticide active ingredient Technical Chlordane. Therefore, 
depending on the objectives of the analysis, the analyst may choose to 
report the sum of all the identifiable Chlordane components as 
"Chlordane (n.o.s.)" under the CAS #57-74-9. 


12.14.7 The third option is to quantitate the peaks of a-Chlordane, y-Chlordane, 
and Heptachlor separately against the appropriate reference materials, 
and report these individual components under their respective CAS 
numbers. To measure the total area of the Chlordane chromatogram, 
inject an amount of a Technical Chlordane standard that will produce a 
chromatogram in which the major peaks are approximately the same 
size as those in the sample chromatograms. 


1 3) Troubleshooting 
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13.1 Refer to HP 6890 GC hardware manual for specific technical guidance. 


14) Data Acquisition 


14.1 Dependent upon instrument setup, data is collected with the ChemStation data 
acquisition software. This software provides the sequence log of run order for 
the data to be collected from the ECD detectors and the associated signal 
response. 


14.2 The data processing software processes the calibration curve and all associated 
sample and QC data. 


14.3 LIMS receives the processed data in its data entry module and links the data to 
the samples in a specific work order. The QC batch data is also linked to the 
data. 


1 5) Calculation, and Data Reduction Requirements 


15.1 Calibration Factor (CF) and calibration RSD calculations: 


1 5.1.1 Calibration Factor for each analyte at each concentration, calculate 
using: 


15.1.1.1 
CF = Peak Area (or Height) of the Compound in the Standard 


Mass of the Compound Injected (in nanograms) 
n 


IcE 
15.1.1.2 MeanCF=CF=-'-i~_,_t_ 


n 
Where: n is the number of standards analyzed. 


1 5.1.2 Calculate the standard deviation (SO) and the RSD of the calibration 
factors for each analyte as: 


SD= 
n-1 


SD 
RSD==xlOO 


CF 


15.2 Calculation of Linear Regression Correlation Coefficient, r 


2:XY-2:X2:Y 


r = ---r========n====== 
(LX2 _ (l:X/ )(2:y2 _ (l:Y /) 


n n 


Where: 
X = individual values for independent variable 
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15.3.1 %Drift= [(Calculated cone- Theoretical cone) x 1 OOJ I Theoretical cone 


1 5.4 Calculation of% difference (using the calibration factors): 


15.4.1 %Difference= [(CF- mean CF) x 1 OOJ I mean CF 


where: 
CF = the calibration factor from the CCV and 
mean CF = the mean calibration factor from the initial calibration 


1 5.5 Dual Column Confirmation RPD: When results are confirmed using a second GC 
column of dissimilar stationary phase, calculate the relative percent difference of 
the results using the formula below. 


1 5.5 .1 RPD = ([R -R ] I ((R +R )/2)) * 1 00 
1 2 1 2 


where R1 and R2 are the results on the two columns. 


1 5.6 Sample Quantitation using External calibration: 


Concentration (JL g/L) = (Ax)(Vt)(D) 
(Wt) 


Ax Concentration of the analyte in the sample. 
V1 Total volume of the concentrated extract. 
D Dilution factor, if the sample or extract was diluted prior to analysis. If no dilution was made, D 


= 1. The dilution factor is always dimensionless. 
Wt = Volume or mass of sample extracted 


15.6.1 The wet weight or dry weight may be used, depending upon the specific 
application of the data. 


15.7 QC Calculations: Calculate the percent recovery for surrogates and for various 
QC samples (MS, MSD, LCS) according to the following equations: 


1 5. 7.1 Surrogate Recovery: Sam pie, matrix spike/matrix spike duplicate, 
duplicate, and blank samples are all spiked with surrogates prior to 
purging. Surrogate percent recovery is calculated as follows: 
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Where: 


% R ___::('--su_r_rS_'R __ ~) x 100 
SurrSA 


SurrSR = Surrogate Spiked Sample Result (mg/L or mg/kg). 
SurrSA = Surrogate Spike Amount Added (mg/L or mg/kg). 


15.7.2 %Recovery, %R (MS and MSD Samples) 


Where: 


%R= (SSR-SR)xlOO 
SA 


SSR = Spiked Sample Result (mg/L or mg/kg). 
SR Sample Result (unspiked). 
SA = Spike Amount Added (mg/L or mg/kg). 


15.7.3 %Recovery, %R (Standards, LCS) 


Where: 


%R 
(ssR) 
--xlOO 


SA 


SSR = Spiked Sample Result (mg/L or mg/kg). 
SA = Spike Amount Added (mg/L or mg/kg). 


15.7.4 % RPD (for precision or replication evaluation) 


ISR -SR I 
%RPD = 1 2 xlOO 


'li(SR1 +SR2) 
Where: 


SR1 = Sample result for replicate 1. 
SR2 = Sample result for replicate 2. 


1 6) Quality Control, Data Assessment and Corrective Action 


16.1 Pesticide Degradation 


16.1 .1 Frequency 


16.1.1.1 Pesticide degradation must be verified prior to sample analysis or 
every 12 hours whichever occurs first. 


16.1 .2 Acceptance Criteria 
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16.1.2.1 Degradation of DDT and endrin must be~ 1 5%. 


16.1 .3 Corrective Action 


16.1.3.1 Perform injector and/or column maintenance. 
16.1.3.2 All analysis associated with a failed degradation check must be re


analyzed. 


16.2 Initial Calibration: 


16.2.1 


16.2.2 
16.2.3 


Frequency: A new curve must be generated after changes in operating 
conditions, after major instrument maintenance, and/or upon failure of 
the ICV or CCV to achieve acceptance criteria. 
The lowest level calibration must be at or below the MQL. 
Acceptance Criteria: 


16.2.3.1 Initial calibration curve must contain 5-points minimally for all 
analytes; 


16.2.3.2 The mean RSD for all analytes must be~ 1 5% or perform the least 
squares regression (r >0.995) for analytes. 


16.2.3.3 If non-linear fit (second order) is used, the COD> 0.995 and six 
calibration points are required. 


16.2.4 Curve Failure Corrective Action: 


16.2.4.1 Check standards and or perform maintenance as necessary to 
correct problem, then generate new curve 


16.3 Initial Calibration Verification (ICV): 


16.3 .1 
16.3.2 


Frequency: Perform this evaluation each time a new curve is generated. 
Acceptance criteria: 


16.3.2.1 Agreement between the curve and the ICV results must meet 
accuracy performance criteria as outlined in the applicable LIMS test 
code. 


16.3.3 ICV Failure Corrective action: 


16.3.3.1 Evaluate condition and age of standards being used and repeat 
analysis 


16.3.3.2 Do not analyze samples until the criteria can be met or prepare new 
standards and /or generate new curve if criteria cannot be met. 


16.4 Continuing Calibration Verification (CCV): 


16.4.1 Frequency: 
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16.4.1 .1 The calibration standard must be run at the beginning of each daily 
batch, 


16.4.1 .2 After every 20 samples (including QC samples) 
16.4.1 .3 At the end of the analytical sequence. 


16.4.2 Acceptance Criteria: 


16.4.2.1 All analytes must meet accuracy performance criteria as outlined in 
the applicable LIMS test code. 


16.4.3 Corrective Action: 


16.4.3.1 If the calibration does not meet the criteria, correct the problem 
and re-analyze the standard or perform a new initial calibration. 


16.4.3.2 All samples run since last passing CCV must be re-run. 


16.5 Retention Time (RT) Window: 


16.5.1 Frequency: 


16.5.1.1 Calculate new RT windows with each new calibration curve. 


16.5.2 Acceptance Criteria: 


16.5.2.1 Set RT at ±3 times the SD around the mean for each analyte. 
16.5.2.2 The ICV and CCVs must fall within the RT windows. 


16.5.3 Corrective Action: 


16.5.3.1 Correct problem then repeat the initial calibration 


16.6 Method Blank: 


16.6.1 Frequency: 


16.6.1 .1 Analyze the method blank at a frequency of one per preparation 
batch of 20 or less samples. If the method blank indicates 
contamination, it may be appropriate to analyze a solvent blank to 
demonstrate that the contamination is not a result of carryover 
from standards or samples. 


16.6.2 Acceptance Criteria: 


16.6.2.1 All analytes of interest should be less than< Y2 the MQL and must 
be less than the MQL. 


16.6.2.2 For USACE program requirements, all analytes of interest must< 
1/2 MQL. 
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16.6.2.3 Other approved QA program requirements must be followed when 
the acceptable blank contamination specified in the approved 
quality assurance project plan differs from the above. 


16.6.3 Corrective Action: 


16.6.3.1 If the method blank results do not meet the acceptance criteria 
above, then the laboratory must take corrective action to locate and 
reduce the source of the contamination and to reanalyze any 
samples associated with the contaminated method blank. 


16.6.3.2 If samples cannot be re-run because of insufficient sample or other 
similar circumstances, the non-conformance must be documented 
on the batch data checklist and the applicable PM notified. 


16.6.3.3 Data reported with an associated contaminated method blank must 
be flagged with a "B", indicating the occurrence. 


16.7 Laboratory Control Sample/Laboratory Control Duplicate: 


16.7.1 Frequency: 


16.7.1 .1 The LCS must be processed with each preparative batch of 20 or 
less samples. 


16.7.2 Acceptance Criteria: 


16.7.2.1 Analyte recovery in the LCS must be within the criteria specified in 
Table 20.1 or Table 20.2. 


16.7.2.2 For a full spike list, one (1) SME is allowed when evaluating 
acceptance criteria. 


16.7.3 Corrective Action: 


16.7.3.1 If the LCS recovery of the compound of interest does not meet 
criteria, the sample batch must be re-analyzed. 


16.7.3.2 If reprocessing it is not possible due to lack of sample or expired 
hold time, report (narrate) the variance to the client and flag the 
associated data as estimated. 


16.8 Matrix Spike and Matrix Spike Duplicate 


16.8.1 Frequency: 


16.8.1 .1 Process an MS/MSD pair for each prep batch unless insufficient 
sample has been provided by the client. 


16.8.2 Acceptance Criteria: 
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16.8.2.1 Analyte recovery in the MS/MSD pair should be within the criteria 
specified in Table 20.1 or Table 20.2. 


16.8.2.2 RPD between the MS/MSD pair must meet precision performance 
criteria as outlined in the applicable LIMS test code. 


16.8.3 Corrective Action: 


16.8.3.1 If the MS and MSD have recoveries which are outside the target 
range, the poor recoveries in the MS and MSD may be due to matrix 
effects. The LCS, surrogate recoveries and calibration results must 
all be evaluated in order to determine if matrix interference is 
present or if method performance is poor. (Note that the MS and 
MSD are used to evaluate the matrix effect, not to control the 
analytical process.) 


16.8.3.2 If MS/MSD recoveries are outside of criteria with acceptable 
precision, a matrix effect is likely and results may be reported. 


16.8.3.3 If the MS/MSD pair is outside of recovery and precision criteria or 
associated batch QC samples have failed criteria, a systems error is 
probable and all associated samples in the batch must be re
extracted and analyzed. 


16.8.3.4 If matrix interference is suspect, corrective action is not necessary 
unless a Quality Assurance Project Plan stipulates controlling based 
on MS/MSD recoveries (USACE, CLP, etc.). 


16.8.4 Corrective Action: 


16.8.4.1 If the RPD fails, the data must be evaluated for error. If a system 
error is determined to be present, all associated samples in the 
batch should be re-extracted and analyzed. 


16.9 Surrogates 


16.9.1 Frequency: 


16.9.1 .1 Surrogates must be spiked into all field and QC sample. 
16.9.1 .2 The recoveries must be evaluated for all samples. 


16.9.2 Criteria: 


16.9.2 .1 Surrogate recovery must be within the criteria specified in Table 
20.3 or Table 20.4. 


16.9.3 Corrective Action: If the surrogate recoveries do not meet the criteria 
above: 


16.9.3.1 Check for possible errors in the calculations, surrogate solutions or 
internal standards. If errors are found, recalculate the data 
accordingly. 


16.9.3.2 Examine chromatograms for interfering peaks and integrated peak 
areas. 
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16.9.3.3 Check instrument performance. 


16.9.3.3.1 If an instrument performance problem is identified, correct 
the problem and re-analyze the extract. 


16.9.3.3.2 Some samples may require dilution in order to bring one or 
more target analytes within the calibration range or to 
overcome significant interferences with some analytes. 
This may result in the dilution of the surrogate responses 
to the point that the recoveries cannot be measured. If the 
surrogate recoveries are available from a less-diluted or 
undiluted aliquot of the sample or sample extract, those 
recoveries may be used to demonstrate that the surrogates 
were within the QC limits, and no further action is 
required. However, the results of both the diluted and 
undiluted (or less-diluted) analyses should be provided to 
the data user. 


16.9.3.4 If no instrument problem is found, the sample should be re
extracted and re-analyzed. If, upon re-analysis, the recovery is 
again not within limits, report the data as an "estimated 
concentration." If the recovery is within the limits in the re-analysis, 
provide the re-analysis data to the data user. 


16.9.3.5 If the holding time for the method has expired prior to there
analysis, provide both the original and re-analysis results to the 
data user, and note the holding time problem. 


16.1 0 Target Analyte Confirmation 


16.1 0.1 Frequency: 


16.1 0.1 .1 All target analytes detected above the MQL must be confirmed with 
a dissimilar column or detector. 


16.1 0.2 Criteria: 


16.1 0.2.1 Calculated concentrations should agree within± 40%. 


16.1 0.3 Corrective Action: 


16.1 0.3.1 Check for possible errors in calculations, integration, and/or 
instrument performance. 


16.1 0.3.2 If no errors are found, report the highest concentration and flag 
with an "R" qualifier to denote the correlation variance. 


1 7) Data Records Management 


17.1 All data shall be stored electronically and in hard copy for 7 years. 


17.1 .1 Hard copy documentation must be maintained via logbooks for standard 
and chemical tracking, extraction procedures, instrument maintenance, 
and instrument run logs. 
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l 8) Quality Assurance and Quality Control 


18.1 Logbooks must be reviewed monthly by the department supervisor. 


18.2 Logbooks must be reviewed quarterly by the QA Staff. 


18.3 The QA Staff must conduct periodic audits to evaluate compliance with this SOP. 


19) Contingencies for Handling Out ofControl Data 


19.1 When method required QC failures occur, the source of the QC failure must be 
determined, corrected, and sample re-analysis completed whenever possible. 


19.2 When affected sample analysis cannot be repeated due to limitations (i.e., sample 
availability or if re-analysis can only be performed outside of sample hold time), 
data associated with failed QC must be appropriately flagged and narrated as 
necessary. 


19.3 All analysts must report sufficient comments in LIMS to ensure that project 
management can narrate and verify the appropriate data qualifiers. 


19.4 Deviations and non-conformances must be documented on the associated batch 
data checklist, and, if applicable, via the NC/CA database for evaluation by the 
QA department. 


20) Method Performance 


20.1 Demonstration of Proficiency: 


20.1.1 Each analyst must demonstrate initial proficiency by generating 4 sets of 
data of acceptable accuracy and precision for target analytes in a clean 
matrix. 


20.1 .2 Each analyst must demonstrate ongoing proficiency annually by 
generating 4 sets of data of acceptable accuracy and precision for target 
analytes in a clean matrix, or by passing performance in approved PT 
evaluations. 


20.2 Method Detection Limits (MDLs): 


20.2.1 MDLs must be determined on each instrument annually, at a minimum, 
and whenever major modifications are performed. 


21) Summary of Changes 
T bl 21 1 S f Ch a e ummary o anges 


Revision 
Effective Date Document Editor Description of Changes Number . . -


R04 9/1/12 CES 
Formatting, 11.5 .1 changed to 


20, 16.6.2.4 removed 
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22.1 U.S. Environmental Protection Agency, "Method 8081 A Organochlorine Pesticides 
by Gas Chromatography", Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, Update Ill, june 13, 1997. 


22.2 U.S. Environmental Protection Agency, "Method 8000C Determinative 
Chromatographic Separations", Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods 


22.3 DOD Quality Systems Manual, Version 3.0, june 2005 


22.4 ALS Environmental Quality Assurance Manual, Revision 6.0 (or most current) 


22.5 Table 20.1 -Aqueous LCS Limits 


22.6 Table 20.2 -Solid LCS Limits 


22.7 Table 20.3 -Aqueous Surrogate Limits 


22.8 Table 20.4 -Solid Surrogate Limits 


22.9 Data Checklist 


Table 20 I - Agueous LCS Control Limits 


Analyte Lower Control Upper Control 
Limit Limit 


4,4'-DDD 25 150 
4.4'-DDE 32 140 
4,4'-DDT 45 140 
Aldrin 25 140 
alpha-BHC 60 130 
alpha-Chlordane 65 125 
Beta-BHC 65 125 
Delta-BHC 45 135 
Dieldrin 60 130 
Endosulfan I 50 110 
Endosulfan II 30 130 
Endosulfan Sulfate 55 135 
Endrin 55 135 
Endrin aldehyde 55 135 
Endrin ketone 75 125 
gamma-BHC 25 135 
gamma-Chlordane 60 125 
Heptachlor 40 130 
Heptachlor epoxide 60 130 
Methoxychlor 55 150 


Lower ME 
Limit 


10 
15 
30 
10 
50 
55 
55 
30 
50 
40 
10 
40 
45 
40 
70 
10 
50 
30 
50 
40 
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Upper ME 
Limit 
170 
160 
155 
155 
140 
135 
135 
150 
140 
120 
150 
150 
145 
150 
135 
155 
135 
145 
140 
165 
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Table 20 2 - Solid LCS Control Limits 
Analyte Lower Control Upper Control 


Limit Limit 
4,4'-DDD 30 135 
4.4'-DDE 70 125 
4,4'-DDT 45 140 
Aldrin 45 140 
alpha-BHC 60 125 
alpha-Chlordane 65 120 
Beta-BHC 60 125 
Delta-BHC 55 130 
Dieldrin 65 125 
Endosulfan I 15 135 
Endosulfan II 35 140 
Endosulfan Sulfate 60 135 
Endrin 60 135 
Endrin aldehyde 35 145 
Endrin ketone 65 135 
gamma-BHC 60 125 
gamma-Chlordane 65 125 
Heptachlor 50 140 
Heptachlor epoxide 65 130 
Methoxychlor 55 145 


Table 20 3 - Agueous Surrogate Limits 
Surrogate Lower Control Limit 
Decachloro biphenyl 30 
TCMX 25 


Table 20 4 - Solid Surrogate Limits 
Surrogate Lower Control Limit 
Decachlorobiphenyl 45 
TCMX 45 
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Lower ME Upper ME 
Limit Limit 


10 155 
60 135 
30 155 
30 155 
50 135 
55 130 
50 135 
45 145 
55 135 
10 155 
20 160 
50 145 
50 145 
20 165 
55 145 
50 135 
55 135 
35 155 
55 140 
45 155 


Upper Control Limit 
135 
140 


Upper Control Limit 
135 
124 
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GC/HPLC- SemiVolatile Batch Number: !Instrument ID: 


Method: Work order Number (s): 


Analyst Name: Date !Reviewer Name: Date: 


AI Description Yes No NA 
2 


14 0 Chain-of-Custody jCC-Cc-
l~c-


1 -


1) Did samples meet the laboratory's standard conditions of sample acceptability upon receipt? X 
2) Were all departures from standard conditions described in an exception report? X 


R2 0 SAMPLE AND QUALITY CONTROL (QC) IDENTIFICATION 
1) Are all field sample ID numbers cross-referenced to the laboratory ID numbers? X 
2) Are all laboratory ID numbers cross-referenced to the corresponding QC data? X 


RJ 0 TEST REPORTS 
1) Were all samples prepared and analyzed within holding times? X 
2) Other than those results < MQL, were all other raw values bracketed by calibration standards? X 
3) Were calculations checked by a peer or supervisor? X 
4) Were all analyte identifications checked by a peer or supervisor? X 
5) Were sample quantitation limits reported for all analytes not detected? X 
6) Were all results for soil and sediment samples reported on a dry weight basis? X 
7) Was% moisture (or solids) reported for all soil and sediment samples? X 
8) If required for the project, TICs reported? X 


R4 0 SURROGATE RECOVERY DATA 
1) Were surrogates added prior to extraction? X 
2) Were surrogate percent recoveries in all samples within the laboratory QC limits? X 


RS 0 TEST REPORTS/SUMMMARY FORMS FOR BLANK SAMPLES 
1) Were appropriate type(s) of blanks analyzed? X 
2) Were blanks analyzed at the appropriate frequency? X 
3) Were method blanks taken through the entire analytical process, including preparation and, if X 


applicable, cleanup procedures? 
4) Were blank concentrations< Y, MQL? X 


R6 0 LABORATORY CONTROL SAMPLES (LCS): 
1) Were all COCs included in the LCS? X 
2) Was each LCS taken through the entire analytical procedure, including prep and cleanup steps? X 
3) Were LCSs analyzed at the required frequency? X 
4) Were LCS %Rs within the laboratory QC limits? X 
5) Does the detectability data document the laboratory's capability to detect the COCs at the MDL X 


used to calculate the SQLs? 
R7 0 MATRIX SPIKE (MS) AND MATRIX SPIKE DUPLICATE (MSD) DATA 


1) Were the project or method specified analytes included in the MS and MSD? X 
2) Were MS/MSD analyzed at the appropriate frequency? X 
3) Were MS and MSD %Rs within the laboratory QC limits? X 
4) Were MS/MSD RPDs within laboratory QC limits? X 


RS 0 ANALYTICAL DUPLICATE DATA (IF REQUIRED) 
1) Were appropriate analytical duplicates analyzed for each matrix? X 
2) Were analytical duplicates analyzed at the appropriate frequency? X 
3) Were RPDs or relative standard deviations within the laboratory QC limits? X 


R9 0 METHOD QUANTITATION LIMITS (MQLS): 
I) Are the MQLs for each method analyte listed and included in the laboratory data package? X 
2) Do the MQLs correspond to the concentration of the lowest non-zero calibration standard? X 
3) Are unadjusted MQLs included in the laboratory data package? X 


RIO 0 OTHER PROBLEMS/ANOMALIES 
1) Are all known problems/anomalies/special conditions noted in this LRC and ER? X 
2) Were all necessary corrective actions performed for the reported data? X 
3) If requested, is the justification for elevated SQLs documented? X 
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I Instrument ID: 


Date: 


A1 Description 
Yes No NA NR3 ER#4 


2 


0 INITIAL CALIBRATION (ICAL) 
I) Were response factors (RFs) and/or relative response factors (RRFs) for each analyte within the QC 
limits? 


2) Were percent RSDs or correlation coefficient criteria met? 
3) Was the number of standards recommended in the method used for all analytes? 
4) Were all points generated between the lowest and highest standard used to calculate the curve? 
5) Are ICAL data available for all instruments used? 
6) Has the initial calibration curve been verified using an appropriate second source standard? 


0 INITIAL AND CONTINUING CALIBRATION VERIFICATION (ICCV AND CCV) AND 
1} Was the CCV analyzed at the method-required frequency? 
2) Were percent differences for each analyte within the method-required QC limits? 
3) Was the ICAL curve verified for each analyte? 
4) Was the absolute value of the analyte concentration in the organic CCB <MDL? 


0 MASS SPECTRAL TUNING: 
1) Was the appropriate compound for the method used for tuning? 
2) Were ion abundance data within the method-required QC limits? 


0 INTERNAL STANDARDS (IS): 
Were IS area counts and retention times within the method-required QC limits? 


0 RAWDATA 
1) Were the raw data (e.g., chromatograms, spectral data) reviewed by an analyst? 
2) Were data associated with manual integrations flagged on the raw data? 


0 DUAL COLUMN CONFIRMATION (IF REQUIRED) 
Did dual column confirmation results meet the method-required QC? 


0 TENTATIVELY IDENTIFIED COMPOUNDS (TICS): 
If TICs were requested, were the mass spectra and TIC data subject to appropriate checks? 
INTERFERENCE CHECK SAMPLE (ICS) RESULTS: 
Were percent recoveries within method QC limits? 
SERIAL DILUTIONS, POST DIGESTION SPIKES, AND METHOD OF STANDARD 
Were percent differences, recoveries, and the linearity within the QC limits specified in the method? 


0 PROFICIENCY TEST REPORTS: 
Are proficiency testing or inter-laboratory comparison results on file? 


0 METHOD DETECTION LIMIT (MDL) STUDIES 
1) Was a MDL study performed for each reported analyte? 
2) Is the MDL either adjusted or supported bythe analysis ofDCSs? 


0 STANDARDS DOCUMENTATION 
Are all standards used in the analyses NIST-traceable or obtained from other appropriate sources? 


0 COMPOUND/ANALYTE IDENTIFICATION PROCEDURES 
Are the procedures for compoundlanalvte identification documented? 


0 DEMONSTRATION OF ANALYST COMPETENCY (DOC) 
1) Was DOC conducted consistent with NELAC 5C or ISOIIEC 4.2.2? 
2) Is documentation of the analyst's competency up-to-date and on file? 


0 VERIFICATIONN ALIDATION DOCUMENTATION FOR METHODS 
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Are all the methods used to generate the data documented, verified, and validated, where applicable, X 
(NELAC 5.10.2 or ISO/IEC 17025 Section 5.4.5)? 


0 LABORATORY STANDARD OPERATING PROCEDURES (SOPS): 
Are laboratory SOPs current and on file for each method performed? X 
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VOLATILE ORGANIC COMPOUNDS 


1) Scope and Applicability 


1.1 This SOP is used to determine volatile organic compounds in a variety of solid waste 
matrices, including groundwater, wastewater, and solids.  These compounds have low 
boiling points and include low-molecular weight halogenated hydrocarbons, aromatics, 
ketones, nitriles, acetates, acrylates, ethers, and sulfides.   


1.2 Volatile water-soluble compounds, such as alcohols and 1,4-dioxane, can be included 
in this technique, but detection limits will be higher than water insoluble compounds.   


1.3 Various techniques exist for the introduction of these compounds into the GC/MS 
system. The more common techniques for volatile organic analytes are the purge-and-
trap methods (Method 5030C for aqueous samples) and closed system Method 5035A 
for solid and waste oil samples. See SOP HN-PT-004, Purge and trap by Method 5035A 
for detailed information. 


 
1.3.1 Low Level Soil closed system purge and trap (SW-846 5035A): The low-level 


soil method utilizes a closed loop sampling system and is applicable to a 
concentration range of 5 to 100µg/kg range. The closed system equipment 
employed for low concentration samples is not appropriate for soil samples 
preserved in the field with methanol.   


1.3.2 Medium/High concentration soil method (SW-846 5035A): The medium/high 
soil method is applicable to soils and other solid samples containing VOC 
concentrations greater than 100µg/kg. 


1.3.3 High concentration oily waste method:  The high concentration method is 
applicable to oily samples containing VOC concentrations greater than 
100µg/kg and which can be diluted in a water-miscible solvent (e.g. 
methanol).  This procedure is appropriate for such samples when they are 
soluble in a water-miscible solvent.  


2) Summary of Procedure 


2.1 Volatile compounds are introduced into the gas chromatograph by the purge-and-trap 
method. The purge-and-trap process involves an inert gas bubbling through the 
sample where the volatile components are efficiently transferred to the vapor phase. 
The vapor is swept through a column where the volatile components are trapped.  
After purging is completed, the trapping material is heated and flushed with inert gas 
to desorb the components onto a GC column. The GC column is heated to elute the 
components, which are detected with a mass spectrometer.  


2.2 This SOP is based upon and compliant with SW846-8260B/5030C/5035A. 


2.3 The method detection limits (MDL) and practical quantitation limits (PQL) for individual 
compounds are documented in the applicable LIMS test code. MDL/PQLs will be 
proportionately higher for sample extracts and samples that require dilution or 
reduced sample size.  


3) Definitions 


3.1 GC/MS: Gas Chromatograph/Mass Spectrometer  


3.2 Organic Free Water: Deionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily resistivity > 10.0 mohm-cm). For 
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additional purification before use, the DI water may be purged using ultra-pure 
nitrogen.  


3.3 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.5 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.6 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.8 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which is not normally found in 
environmental samples.  


3.9 Sporadic Marginal Exceedence (SME):  Statistical probability that a set number of data 
points will fall outside the normal gaussian distribution curve when evaluated against a 
multi-component system.  


3.10 Extracted Ion Current Profile (EICP): A plot of ion abundance versus time or scan 
number. 


3.11 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.12 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.13 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
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the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 
5.1 All samples must be stored refrigerated or frozen depending on the preservative 


before and after analysis.   


5.2 Volatile samples should be screened when possible to avoid contamination of the 
purge-and-trap system by samples containing very high concentrations of volatile 
organics.  


5.3 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. (Refer to SOP HN-EQ-004 for additional 
information.)   


6) Interferences 


6.1 Major contaminant sources are volatile materials in the laboratory and impurities in the 
inert purging gas and in the sorbent trap. The use of non-polytetrafluoroethylene 
(PTFE) thread sealants, plastic tubing, or flow controllers with rubber components 
should be avoided, since such materials out-gas organic compounds which will be 
concentrated in the trap during the purge operation. 


6.2 At high desorption temperatures thermal decomposition products such as 
chloromethane, bromomethane, and iodomethane can be formed due to degradation 
or contamination on the analytical trap, especially with the addition of methanol in 
medium-high level soils.  When levels of these compounds rise above the target 
detection limits, the analytical trap on the concentrator should be replaced and the 
instrument should be recalibrated to ensure that the trap was not a source of 
contamination.   


6.3 Methyl acetate and ethyl acetate artifacts may be formed with the addition of methanol 
in medium-high level soils.  Additionally, an artifact is sometimes observed for acetone 
in the acidification of certain soils with sodium bisulfate that may cause the formation 
of acetone. 


6.4 Matrix interferences may vary considerably from source to source, depending upon the 
particular sample or extract being tested. The analytical system should be checked to 
ensure freedom from non-sample related interferences by analyzing method blanks.  


6.5 Contamination may occur when a sample containing low concentrations of volatile 
organic compounds is analyzed immediately after a sample containing high 
concentrations of volatile organic compounds. If a sample saturates the system and 
the sample immediately following has hits for the same compound(s) that saturated 
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the system at a level = 5xPQL, the second sample must be reanalyzed to determine if 
carryover occurred.  If the sample immediately following the sample that saturates the 
system is non-detect, no carryover has occurred and the sample may be reported. 


6.6 Chloromethane may be lost if the purge flow is too fast.  Bromoform may be lost if the 
purge flow is too slow or the transfer line has cold spots/active sites.  
Tetrachloroethane and 1,1-dichloroethane may deteriorate due to contamination 
and/or active sites in the purge and trap system. 


6.7 Special precautions must be taken when analyzing for methylene chloride or other 
common laboratory contaminants. (The analytical and sample storage area should be 
isolated from all atmospheric sources of common volatile solvents. All gas chroma-
tography carrier gas lines and purge gas plumbing should be constructed from 
stainless steel or copper tubing. Laboratory clothing worn by analysts should be 
maintained in a solvent free environment.) The laboratory where volatile analysis is 
performed should be completely free of solvents. 


6.8 Impurities in the purge gas and/or organic compounds out-gassing from the plumbing 
may account for a significant number of contamination problems. The analytical 
system must be demonstrated to be free from contamination under the conditions of 
the analysis by running reagent blanks. The use of non-Teflon plastic coating, non-
Teflon sealants, or flow controllers with rubber components in the purging device 
should be avoided.  


6.9 In some situations, baking out the column between analyses may eliminate 
contamination.  A portion of the analytical column may need to be removed in the case 
of extreme contamination. The use of direct injection will result in the need for more 
frequent instrument maintenance. If hexadecane is added to waste samples or 
petroleum samples that are to be analyzed, some chromatographic peaks will elute 
after the target analytes. The oven temperature program must include a post-analysis 
bake out period to ensure that semi-volatile hydrocarbons are volatilized. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 
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proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Aqueous samples for volatile organic analysis should be received in 40 mL VOA vials 
with Teflon lined septa lids and no headspace. If headspace is observed (greater than 
pea-sized), the condition must be noted in the report.  


8.2 Aqueous VOC vials must be retained in a dedicated refrigerator (4°C) segregated from 
sources of possible cross contamination.  


8.3 Analysis of aqueous matrices must be performed within 14 days of time of sample 
collection if the sample is acidified (pH <2).  Unpreserved samples must be analyzed 
within 7 days of collection.  The pH of water samples must be recorded upon 
completion of analysis to verify proper preservation.  


8.4 The TCLP leachate procedure must be performed within 14 days of collection and VOA 
analysis must be completed within 14 days of the filtration of the TCLP leachate (if 
acidified, otherwise 7 days if unpreserved).  


8.5 Analysis of solid matrices must be completed within 14 days of sample collection if 
they are preserved and 48 hours if they are not preserved.  If samples are received 
unpreserved, the laboratory must make every effort to preserve the sample within 48 
hours of collection time and must document the date, time, and method of 
preservation. 


  
 


Volatile Organics Sample Collection, Preservation and Hold Time  
Sample Matrix Container Preservative Holding Time 


Volatiles  
(aqueous matrix) 
SW 5030/8260B 


G – 3 x 40 mL 
with  no headspace  


4°C; HCl to pH<2 14 days 


Volatiles,  Unpreserved 
(Aqueous Matrix) 


3 x 40 mL vials with 
teflon lined lids 


Cool 4°C  7 Days 


Volatiles 
(low level soil by 5035A, 


where soil likely 
contains VOCs < 100 


ppb)  


Collect sample using  
approved coring device 


(EnCore, etc) or field 
preserve each  ~5 gram 


sample in pre-tared 40 mL 


4°C; or freeze samples to 
<–7°C to >-20°C as an 


alternative to 
preservation with sodium 
bisulfate as a means to 


48 hrs to transfer 
contents of core device 
to a 40 mL VOA vial , 


containing 5mL of 
organic free water,  1g 
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Volatile Organics Sample Collection, Preservation and Hold Time  
Sample Matrix Container Preservative Holding Time 


VOA vials, containing 5mL 
of organic free water, 1g 
sodium bisulfate & stir 


bar   


inhibit biodegradation.   sodium bisulfate & stir 
bar;  analyze 


transferred sample 14 
days from collection   


Volatiles 
(medium-high level soil 
by 5035A, where soil 


may contain VOCs >100 
ppb)  


Collect sample using  
approved coring device 
(EnCore, etc)  or field 


preserve samples in pre-
tared 40 mL glass VOA 


vials  with methanol 


4°C; or freeze samples to 
<–7°C to >-20°C as an 


alternative to 
preservation with 


methanol as a means to 
inhibit biodegradation. 


 48 hrs to transfer 
contents of core device 
to a 40 mL VOA vial , 
containing 10 mL of 
purge and trap grade 
methanol;   analyze 
methanol preserved 
sample 14 days from 


collection  
Volatiles 


(aqueous matrix with 
residual chlorine) 


 


G – 3 x 40 mL vials with 
teflon lined lids,  


with  no headspace 


Collect sample in 125 mL 
container that contains 4 


drops of 10 % sodium 
thiosulfate solution.  
Gently swirl to mix 


sample and transfer to 3, 
40 mL vials with HCL to 


pH <2, Cool 4oC. 


14 Days 


Volatiles, Bulk Solid 
Samples (not permitted 


some jurisdictions) 


4 oz widemouth glass jar 
with teflon-lined lid 


4°C; or freeze samples to 
<–7°C to >-20°C as an 


alternative to 
preservation with 


methanol as a means to 
inhibit biodegradation. 


48 hours to preserve in 
methanol, freeze to <–


7°C to >-20°C, or 
analyze 


9) Equipment and Supplies 


9.1 Syringe:  10 mL, 5 mL, 1 mL, 1 µL, 5 µL, 10 µL, 50 µL, 100 µL, 500 µL gas-tight 
Hamilton, SGE, or equivalent. 


9.2 Balances:  Analytical, capable of accurately weighing 0.0001 grams, and a top-loading 
balance capable of weighing 0.01 grams.  


9.3 Glass vials:  40-mL, with screw cap and TeflonTM liners or glass culture tubes with a cap 
and TeflonTM liner.  


9.4 Volumetric flasks: 5 mL, 10 mL, 50 mL, and 100 mL class A with ground glass 
stoppers.  


9.5 Spatula:  Stainless steel.  


9.6 Disposable pipettes:  Pasteur, 2 mL 


9.7 Archon, Atomx, or Evolution auto-sampler with sample heater, stirring mechanism, and 
online surrogate addition. 


9.8 Heater: Capable of maintaining the purging chamber to within ± 1oC over the 
temperature range of ambient to 40oC.  
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9.9 Purge and trap device:  The purge and trap consists of a sample purging device and a 
trap. Several complete devices are commercially available.  


 
9.9.1 Purge device: The recommended purging chamber is designed to accept 5 


mL samples with a water column at least 3 cm deep. The purge gas must 
pass through the water column as fine bubbles with a diameter of less than 
3 mm at the origin. The purge gas must be introduced no more than 5 mm 
from the base of the water column. Alternate sample purge devices may be 
utilized, provided equivalent performance is demonstrated.   


9.9.2 Traps: Supelco 9 trap (proprietary), Supelco K (VOACARB 3000), or 
equivalent. 


9.10 GC Column  
 


9.10.1 Restek Rtx-624 – 20 M x 0.18 mm I.D., 1 µm film thickness (or equivalent). 
9.10.2 Restek Rxi-624Sil – 20 M x 0.18 mm I.D., 1 µm film thickness (or equivalent). 
9.10.3 Restek Rtx-624 – 30 M x 0.25 mm x 1.4 µm film thickness (or equivalent) 
9.10.4 Restek Rxi-624Sil – 30 M x 0.25 mm x 1.4 µm film thickness (or equivalent) 
9.10.5 Zebron ZB-624 – 30 M x 0.25 mm x 1.4 µm film thickness (or equivalent) 


9.11 Mass Spectrometer:  Capable of scanning from 35-270 amu every 1 second or less, 
using 70 eV (nominal) electron energy in the electron impact mode.  


9.12 Gas Chromatograph: Agilent 6890 or 7890 series (or equivalent)    


9.13 Data System: Data system capable of allowing the continuous acquisition and storage 
on machine-readable media of all mass spectra obtained throughout the duration of 
the chromatographic program. The data system must be equipped with software that 
allows searching any GC/MS data file for ions of a specified mass and plotting such ion 
abundances versus time or scan number. 


10) Standards and Reagents 


10.1 Methanol (MeOH) - Purge and trap quality or equivalent. 


10.2 Stock BFB (4-bromofluorobenzene) @ 2,000 ug/mL (available from Ultra Scientific) or 
equivalent 


10.3 BFB Tune Solution @ 25 ug/mL:  
 
10.3.1 Add approximately 5mL of P&T grade methanol to a Class A 10.00 mL 


volumetric flask. 
10.3.2 Add 125 uL of the BFB stock solution (Section 10.2) to the flask. 
10.3.3 Bring to a final volume of 10.00 mL.  
10.3.4 Transfer to an appropriately labeled container. 
10.3.5 Solution should be discarded every six months or if degradation is noted.  


Expiration date cannot exceed that of the parent stock. 


10.4 VOC Stock Surrogate Solution @ 2500 ug/mL: Containing dibromofluoromethane, 
toluene-d


8
, 4-bromofluorobenzene, and 1,2-dichloroethane-d


4
 (available from Restek) 


or equivalent. 


10.5 VOC Surrogate Spiking (SS) Solution @ 100 ug/mL (for 1 uL autosampler additions):  
 


10.5.1 Add approximately 15 mL of P&T grade methanol to a Class A 25.00 mL 
volumetric flask. 


10.5.2 Add 1 mL of Stock Surrogate Solution (Section 10.4) to the flask. 
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10.5.3 Bring to a final volume of 25.00 mL.    
10.5.4 Transfer to an appropriately labeled container and store as noted in Section 


10.13. 
10.5.5 Solution should be replaced monthly or whenever degradation is noted.  


Expiration date cannot exceed that of the parent stock. 


10.6 VOC Surrogate Spiking (SS) Solution @ 20 ug/mL (for 5 uL autosampler additions): 
 
10.6.1 Add approximately 5 mL of P&T grade methanol to a Class A 10.00 mL 


volumetric flask. 
10.6.2 Add 2.00 mL of the VOC SS Solution (Section 10.5) 
10.6.3 Bring to final volume with P&T grade methanol 
10.6.4 Transfer to an appropriately labeled container and store as noted in Section 


10.13.  
10.6.5 Solution must be replaced monthly or whenever degradation is noted. 


Expiration date cannot exceed that of the parent stock. 


10.7 VOC Stock Internal Standard Solution @ 2500 ug/mL: Containing pentafluorobenzene, 
1,4-difluorobenzene, 1,4-dichlorobenzene-d


4,
 and chlorobenzene-d


5
 (available from 


Restek) or equivalent. 


10.8 Ethyl Acetate-d
8
, available as a neat standard from Aldrich (or equivalent). 


10.9 VOC Internal Standard Spiking (IS) Solution @ 100-500 ug/mL (for 1 uL autosampler 
additions):  


 
10.9.1 Add approximately 15 mL of P&T grade methanol to a Class A 25.00 mL 


volumetric flask. 
10.9.2 Add 1 mL of Stock Internal Standard Mix (Section 10.7) to the flask. 
10.9.3 Add 1.02 uL of Ethyl Acetate-d


8
 (Section 10.8) to the flask. 


10.9.4 Bring to a final volume of 25.00 mL.    
10.9.5 Transfer to an appropriately labeled container and store as noted in Section 


10.13. 
10.9.6 Solution must be replaced monthly or whenever degradation is noted. 


Expiration date cannot exceed that of the parent stock. 


10.10 VOC Internal Standard Spiking (IS) Solution @ 20-100 ug/mL (for 5 uL autosampler 
additions): 


 
10.10.1 Add approximately 5 mL of P&T grade methanol to a Class A 10.00 mL 


volumetric flask 
10.10.2 Add 2.00 mL of the VOC IS Solution (Section 10.9) 
10.10.3 Bring to final volume with P&T grade methanol 
10.10.4 Transfer to an appropriately labeled container and store as noted in Section 


10.13.  
10.10.5 Solution must be replaced monthly or whenever degradation is noted. 


Expiration date cannot exceed that of the parent stock 


10.11 VOC Calibration Stock Solutions 
 


10.11.1 VOC Gas Stock Solution @ 200 ug/mL: Available from Restek (#30439) or 
equivalent. 


10.11.2 Dichlorodifluoromethane @ 200 ug/mL: Available from Accustandard (#M-
502-61) 


10.11.3 1-4 Dioxane, neat  
10.11.4 VOC Gas Working Solution @ 40 ug/mL (see Table 21.1): 
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10.11.4.1 Add approximately 2.00 mL of P&T grade methanol to a Class A 


5.00 mL volumetric flask.  
10.11.4.2 Add 1.00 mL of the VOC Gas Stock (Section 10.11.1). 
10.11.4.3 Add 1.00 mL Dichlorodifluoromethane (Section 10.11.2) 
10.11.4.4 Add 19 uL 1-4 Dioxane (Section 10.11.3) 
10.11.4.5 Bring to a final volume of 5.00 mL with P&T grade methanol. 
10.11.4.6 Transfer to an appropriately labeled container and store as 


noted in Section 10.13. 
10.11.4.7 Solution must be replaced weekly or whenever degradation is 


noted.  Expiration date of this working solution cannot exceed 
that of its parent stock. 


 
10.11.5 VOC 8260B Calibration Mix #1 @ 2000 ug/mL: Available from Restek 


(#30633) or equivalent. 
10.11.6 Acrolein @ 5000 ug/mL : (available from Restek 30645) or equivalent. 
10.11.7 2-chloroethyl vinyl ether: @ 2000 ug/mL in MeOH (available from 


AccuStandard) or equivalent. 
10.11.8 Custom Volatiles Standard @ 400-4000 ug/mL: Available from Restek 


(#568206) or equivalent. 
10.11.9 1-Methylnapthalene @ 2000 ug/mL: Available from Absolute Standards 


(#90628) 
10.11.10 VOA Main Mix @ 40 ug/mL: (see Table 21.2) 


 
10.11.10.1 Add approximately 5 mL of P&T grade methanol to a 10.00 mL 


Class A volumetric flask. 
10.11.10.2 Add 200 uL of 8260B Calibration Mix #1 (Section 10.11.5). 
10.11.10.3 Add 80 uL of Acrolein (Section 10.11.6). 
10.11.10.4 Add 200 uL of 2-chloroethyl vinyl ether (Section 10.11.7). 
10.11.10.5 Add 1.00 mL of Volatiles Mix (Section 10.11.8). 
10.11.10.6 Add 200 uL of 1-Methylnapthalene (Section 10.11.9) 
10.11.10.7 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.11.10.8 Transfer to an appropriately labeled container and store as 


noted in Section 10.13. 
10.11.10.9 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of any parent stock. 
 


10.11.11 VOA Cal Mix #1 @ 5000 ug/mL: Available from Restek (#30006) or 
equivalent. 


10.11.12 8260B Acetates Mix @ 2000 ug/mL: Available from Restek (#30489) or 
equivalent. 


10.11.13 California Oxygenates Mixture #1 @ 2000-10000 ug/mL: Available from 
Restek (#30465) or equivalent. 


10.11.14 Cyclohexanone: available as a neat standard from Aldrich (or equivalent). 
10.11.15 VOA ADDS Mix @ 40-200 ug/mL: (see Table 21.3) 
 


10.11.15.1 Add approximately 4 mL of P&T grade methanol to a 10.00 mL 
Class A volumetric flask. 


10.11.15.2 Add 80 uL of VOA Cal Mix #1 (Section 10.11.11). 
10.11.15.3 Add 200 uL of 8260B Acetates Mix (Section 10.11.12). 
10.11.15.4 Add 200 uL of California Oxygenates Mixture #1 (Section 


10.11.13). 
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10.11.15.5 Add 2.11 uL of Cyclohexanone (Section 10.11.14). 
10.11.15.6 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.11.15.7 Transfer to an appropriately labeled container and store as 


noted in Section 10.13. 
10.11.15.8 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of its parent stock. 
 


10.11.16 Initial Calibration Solutions 
 


10.11.16.1 Preparation for Aqueous and Medium-High Level Soil Samples: 
 


Fill a 100.00 mL volumetric flask with DI water near mark.  Add the following 
amounts of the three Calibration Solutions (Section 10.11.4, 10.11.10, & 
10.11.15) and methanol and bring to final volume.  Cap, mix well, and 
transfer to two 40 mL VOA vials with no headspace.  These additions will 
yield a final concentration of analytes as follow: 


 
Std. Addition (uL)   Methanol Addition (uL) Analyte Conc. (ug/L) 


 
1.0     747     0.4  


   1.5     745.5    0.6  
   5.0     735    2  
   10      720    4  
   25      675    10  
   100     450    40  
   175     225    70  
   250     0    100  
 


10.11.16.2 Preparation for Low Level Soil Samples: 
 


Add 5 g of Ottawa sand to a 40 mL VOA vial containing 5 mL of organic free 
water.  Add the appropriate amount of preservative if required (see Section 
8.5). Tightly cap.  Spike the following amounts of the three calibration 
solutions (Section 10.11.4, 10.11.10, & 10.11.15) and methanol.  These 
additions will yield a final concentration of analytes as follow: 
 


Std. Addition (uL)   Methanol Addition (uL) Analyte Conc. (ug/L) 
 


0.10     37.2     0.8 
   0.25     36.75    2.0  
   0.50     36.00    4.0  
   1.0      34.5    8.0  
   2.5      30.0    20  
   5.0    22.5    40  
   8.75     11.25    70  
   12.5     0    100  


10.12 VOC Laboratory Control Standard (LCS)  
 


10.12.1 VOC LCS Mixture A @ 200 ug/mL (Ultra Scientific DWM-580) or equivalent. 
10.12.2 VOC LCS Mixture B @ 2000 ug/mL (Restek 567821) or equivalent. 
10.12.3 Dichlorofluoromethane @ 2000 ug/mL ( Absolute 61211) 
10.12.4 Oxygenates Standard @ 2000-10000 ug/mL (Restek 30619) or equivalent.   
10.12.5 VOC Working LCS Solution @ 20-100 ug/mL (for aqueous matrices and low 
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level soils) (See Table 21.4): 
 


10.12.5.1 Add approximately 5 mL of P&T grade methanol to a 10.00 mL 
Class A volumetric flask. 


10.12.5.2 Add 1000 uL of VOC LCS Mixture A (Section 10.12.1). 
10.12.5.3 Add 100 uL of VOC LCS Mixture B (Section 10.12.2). 
10.12.5.4 Add 100 uL of Dichlorofluoromethane (Section 10.12.3). 
10.12.5.5 Add 100 uL of Oxygenates Standard (Section 10.12.4). 
10.12.5.6 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.12.5.7 Transfer to an appropriately labeled container. 
10.12.5.8 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of its parent stock. 
 


10.12.6 LCS Preparation (for aqueous matrices) 
 


10.12.6.1 Add DI water to a 50.00 mL volumetric flask near mark. 
10.12.6.2 Add 325 uL P&T grade methanol. 
10.12.6.3 Add 50.00 uL of standard from Section 10.12.5. 
10.12.6.4 Bring to final volume and mix. 
10.12.6.5 Transfer contents to 1 40mL VOA vial. 


 
10.12.7 LCS Preparation (for low level soils) 


 
10.12.7.1 Add 5 g of clean sand to 5 mL of deionized water in a 40 mL 


VOA vial containing a stir bar. 
10.12.7.2 Add 32.5 uL of P&T grade methanol. 
10.12.7.3 Add 5 uL LCS Mix (Section 10.12.5).  


 
10.12.8 VOC LCS Mixture C @ 2000 ug/mL:  (Ultra Scientific DWM-588) or equivalent. 
10.12.9 VOC Working LCS Solution @ 200 ug/mL (for medium-high level soils) (See 


Table 21.4): 
 


10.12.9.1 Add approximately 5 mL of P&T grade methanol to a 10.00 mL 
Class A volumetric flask. 


10.12.9.2 Add 1.00 mL of VOC LCS Mixture B (Section 10.12.2). 
10.12.9.3 Add 1.00 mL of VOC LCS Mixture C (Section 10.12.8) 
10.12.9.4 Add 1.00 mL of Dichlorofluoromethane (Section 10.12.3). 
10.12.9.5 Add 1.00 mL of Oxygenates Standard (Section 10.12.4). 
10.12.9.6 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.12.9.7 Transfer to an appropriately labeled container. 
10.12.9.8 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of its parent stock. 
 


10.12.10 LCS Preparation (for medium-high level soils) 
 


10.12.10.1 Add 10 g of clean sand to 10 mL of methanol. 
10.12.10.2 Add 50 uL LCS Mix (Section 10.12.9). 
10.12.10.3 Shake for 2 minutes and sonicate for 20 minutes. 
10.12.10.4 Add DI water to a 50.00 mL volumetric flask near the mark. 
10.12.10.5 Add 1 mL of extracted methanol from soil LCS. 
10.12.10.6 Bring to final volume and mix. 


 


Uncontrolled Document







VOC by 8260B 
 HN-VMS-003-R05 
 Effective: 04/30/2014 
 Page 12 of 33 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


10.12.10.7 Transfer contents to 1 – 40mL VOA vial. 
 


10.12.11 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 
 
10.12.11.1 MS/MSD preparation (for aqueous matrices) 


 
10.12.11.1.1 Spike 260 uL of P&T grade methanol through the 


septum of a 40 mL VOA vial containing the MS 
sample. 


10.12.11.1.2 Spike 40 uL of VOC Working LCS Solution (Section 
10.12.5). 


10.12.11.1.3 Invert the sample a minimum of 3 times. 
 


10.12.11.2 MS/MSD preparation (for low level soils/sediments) 
 


10.12.11.2.1 Spike 32.5 uL of P&T grade methanol through the 
septum into a 40 mL VOA vial containing 5 g of 
sample in 5 mL of water and preservative if necessary 
(see Section 8.5). 


10.12.11.2.2 Spike 5 uL LCS Mix through the septum (Section 
10.12.5).   


 
10.12.11.3 MS/MSD preparation (for medium-high level soils/sediments) 


 
10.12.11.3.1 Add 50 uL of LCS Mix (Section 10.12.9) for every 10 


mL of methanol in soil sample. 
10.12.11.3.2 Shake for 2 minutes and sonicate for 20 minutes. 
10.12.11.3.3 After soil settles, take a 1 mL aliquot and dilute to 50 


mL with reagent water. 


10.13 Standards - Misc:  
 
10.13.1 All purchased stock standards and prepared standards must be stored at -


10°C to -20°C.  
10.13.2 All stock standards must be purchased from an approved vendor 


(AccuStandard, Restek, Supelco, Ultra, etc.).  
10.13.3 All purchased standards and reagents purchased must be logged into the 


Chemical Inventory Logbook.  
10.13.4 All prepared standards and reagent must be logged into the area designated 


Standard/Reagent Preparation Logbooks. Refer to the current revision of SOP 
HN-QS-001.  


10.13.5 Purchased VOC Stock Solutions must be replaced on or before the 
documented expiration date. 


10.13.6 All solvents, acids, preservatives, and reagents must be verified for purity 
prior to being used. 


10.13.7 All organic extractable spike solutions must undergo documented 
verification (e.g. concentration and direct injection) prior to being used to 
prepare samples.  The acceptance criterion for drift is 80-120%. 


10.13.8 Logbooks, databases, and Certificates of Analysis must be employed in order 
to enable traceability of all prepared spike solutions, calibrations standards, 
and prepared reagents back to the reference materials utilized, including 
acid and solvent lot numbers. 
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11) Method Calibration 
11.1 System Parameters: 


 
11.1.1 Aqueous samples are purged via Method 5030C. Medium-High Level solids 


are extracted via Method 5035A and purged via Method 5030C. 
11.1.2 Low Level solids are purged via Method 5035A.  See SOP HN-PT-004 for more 


details. 
11.1.3 Purge and Trap Concentrator- Recommended parameters: 
 


Purge Conditions 


 Stratum Atomx Evolution Velocity 


Purge 
Flow 40 mL/min 40 mL/min 40 mL/min 40 mL/min 


Purge 


11 min.  
Waters-ambient 
Low Level Soils-


40oC 


11 min.  
Ambient 


11 min.  
Waters-ambient 
Low Level Soils-


40oC 


11 min.  
Waters-ambient 
Low Level Soils-


40oC 


Desorb 1 min. @ 250oC 2 min. @ 250oC 0.5 min. @ 260oC 2 min. @ 250oC 


 
Bake 5 min. @ 280oC 6 min. @ 280oC 6 min. @ 265oC 6 min. @ 280oC 


  
11.1.4 Gas Chromatograph – Recommended parameters: 
 


GC System Conditions 
System/Condition: Agilent 6890/5973 Agilent 6890-7890/5975 
MS Source Temp: 230oC 230oC 


He carrier gas flow: He flow : ~50 mL/min He flow : ~50 mL/min 
Initial pressure: ~7.16 psi;  split  ratio 50:1 ~14-19.7 psi;  split  ratio 50:1 


GC Oven Temp Program : 


Initial  Temperature: 4 min @ 35oC 4-5 min @ 35-40oC 


Temp Ramp Rate: 15oC / min to 200oC (3 min 
hold) 5oC / min to 50oC (no hold) 


Final  Ramp Rate: N/A 15oC / min to 200oC (0-1 min 
hold) 


Final Temperature 200oC 200oC 
Maximum temperature 240oC 240oC 


 
11.1.5 Quant Ions for Compound Identification 


 
VOC Quant Ions 
Compound Primary Secondary Tertiary Quaternary 


Pentafluorobenzene 168 99     
Dichlorofluoromethane 67 69 66   
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Dichlorodifluoromethane 85 87 50   
Chloromethane 50 52     
Vinyl chloride 62 64     
Bromomethane 96/94 94/96 79   
Chloroethane 64 66 49   
Trichlorofluoromethane 101 103 66   
Ethyl ether 59 74     
Acrolein 56 55     
1,1-Dichloroethene 61 96 98   
1,1,2-Trichlorotrifluoroethane 151 153 101   
Methyl iodide 142 127 141   
Acetone 43 58     
Chloroprene 53 88 52   
Carbon disulfide 76 78     
Allyl Chloride 41 39 76   
Methyl Acetate 43 74 42 59 
Acetonitrile 41 40 39 38 
Methylene chloride 49 84 86   
trans-1,2-Dichloroethene 61 96 98   
t-Butanol 41/59 43/41 59/43 57 
Acrylonitrile 53 52     
Methyl tert-butyl ether 73 57     
Hexane 57 86 43   
1,1-Dichloroethane 63 65 83   
Diisopropyl Ether 45 43 87   
Vinyl acetate 43/86 86/43     
Ethyl tert butyl ether 59 87 57   
2,2-Dichloropropane 77 41 79   
cis-1,2-Dichloroethene 61 96 98   
2-Butanone 43 72 57   
Ethyl Acetate 43 61 88   
Methyl Acrylate 55 85 58   
Propionitrile 54 55 52 40 
Bromochloromethane 49 130 128   
Tetrahydrofuran 42 72 71   
Methacrylonitrile 41 67 39 52 
Chloroform 83 85 47   
Cyclohexane 56 84 41 55 
1,4-Difluorobenzene 114 63 88   
1,1,1-Trichloroethane 97 99 117   
Dibromofluoromethane 111 113 192   
Carbon tetrachloride 117/119 119/117 121   
1,1-Dichloropropene 75 110 77   
2,2,4-Trimethylpentane 57 56 41 43 
1,2-Dichloroethane-d4 65 102     
1,2-Dichloroethane 62 98 64   
Benzene 78 52 77   
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Tertiaryamylmethylether 73 43 55   
Isobutyl Alcohol 43 41 42/74 74 
Heptane 43 41 57 71 
1,4-Dioxane 88 58     
Methylcyclohexane 83 55 41 98 
Trichloroethene 130 95 97   
1,2-Dichloropropane 63 62 41   
Dibromomethane 93 95 81   
Methyl methacrylate 41 69 39 100 
Bromodichloromethane 83 85 129   
2-Chloroethyl vinyl ether 44/43/63 44/43/65/63 63/44/106 65 
2-Nitropropane 43 41 39 46 
cis-1,3-Dichloropropene 75 77     
Chlorobenzene-d5 117 82 119   
4-Methyl-2-pentanone 43 58 100   
Toluene-d8 98       
Toluene 91 92 65   
trans-1,3-Dichloropropene 75 77     
Chloropicrin 117 119 82/121 82 
Ethyl methacrylate 69 41 99   
1,1,2-Trichloroethane 97 83 85   
Tetrachloroethene 166 129 164   
1,3-Dichloropropane 76 78     
2-Hexanone 43 58 57   
Chlorodibromomethane 129 127 131   
Butyl Acetate 43 56 73 41 
1,2-Dibromoethane 107 109 188   
Chlorobenzene 112 114 77   
1,1,1,2-Tetrachloroethane 131 135 119   
Ethylbenzene 91 106     
m/p-Xylene 91 106     
Styrene 104 78     
o-Xylene 91 106     
Cyclohexanone 55 42 98 69 
Bromoform 173 175 171   
Isopropylbenzene 105 120     
Bromofluorobenzene 95 174 176   
Bromobenzene 77 156 158   
1,1,2,2-Tetrachloroethane 83 131 85   
1,2,3-Trichloropropane 110 61 112   
trans-1,4-Dichloro-2-butene 53 124 89   
n-Propylbenzene 91 120     
2-Chlorotoluene 91 126     
4-Chlorotoluene 91 126     
1,3,5-Trimethylbenzene 103 120     
tert-Butylbenzene 91 134 41   
Pentachloroethane 117 119 83 60 


Uncontrolled Document







VOC by 8260B 
 HN-VMS-003-R05 
 Effective: 04/30/2014 
 Page 16 of 33 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


1,2,4-Trimethylbenzene 105 120     
sec-Butylbenzene 105 134     
1,4-Dichlorobenzene-d4 152 150 115   
1,3-Dichlorobenzene 146 148 111   
p-Isopropyltoluene 119 134 91   
1,4-Dichlorobenzene 146 148 111   
1,2,3-Trimethylbenzene 105 120     
Benzyl chloride 91 126 65   
1,2-Dichlorobenzene 146 148 111   
n-Butylbenzene 91 92 134   
Hexachloroethane 117 119 201   
1,2-Dibromo-3-chloropropane 157 155 75   
1,3,5-Trichlorobenzene 180 182 145 184 
1,2,4-Trichlorobenzene 180 182     
Hexachlorobutadiene 225 227 223   
Naphthalene 128 126 102   
1,2,3-Trichlorobenzene 180 182     
2-Methylnaphthalene 142 141     
1-Methylnaphthalene 142 141     


 


11.2 System Performance  
 


11.2.1 Instrument Tune 
 


11.2.1.1 Inject 25 ng of 4-bromofluorobenzene (BFB) and analyze.  
11.2.1.2 The BFB tune must meet the criteria specified in Table 11.2.1 and 


must be met prior to analysis of any samples.  
11.2.1.3 This criterion must be demonstrated for every 12 hour time period 


of operation.  
 


  
Table 11.2.1 - BFB Key m/z Abundance Criteria 


 
Mass (m/z) 


 
Abundance Criteria 


 
50 


 
15 to 40% of mass 95. 


 
75 


 
30 to 60% of mass 95. 


 
95 


 
Base Peak, 100% Relative Abundance. 


 
96 


 
5 to 9% of mass 95. 


 
173 


 
<2% of mass 174. 


 
174 


 
>50% of mass 95. 


 
175 


 
5 to 9% of mass 174. 


 
176 


 
>95% but < 101% of mass 174. 


 
177 


 
5 to 9% of mass 176. 
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11.3 Initial Calibration 
 


11.3.1 General Requirements 
 
11.3.1.1 At a minimum, five calibration solutions (six if quadratic modeling 


is used) containing both volatile target compounds and system 
monitoring compounds must be analyzed to document linearity of 
the instrument.   


11.3.1.2 The lowest calibration level must be at or below the established PQL 
and the highest calibration level must encompass the reported 
analytical range.   


11.3.1.3 The remaining calibration solutions should be evenly spaced 
between the lowest and highest standards.   


11.3.1.4 Initial calibration must be performed and verified prior to sample 
analysis.   


11.3.1.5 The initial calibration must be completed within 12 hours of the 
associated instrument tune check (Section 11.2.1). 


 
Individual calibration points associated with the low/high calibration standard 
may be rejected because of non-linearity.  However, the analyst must be aware 
that this can adversely affect project PQLs and UQLs. Individual points within 
the remaining standard levels cannot be rejected, but an entire level may be 
rejected for a valid analytical reason that must be documented in the 
instrument’s sequence log. 


 
11.3.2 Relative response factors (RRF) and percent relative standard deviation (%RSD) 


for each target compound must be determined and assessed against method 
criteria. Calculate the average relative response factor (Ave. RRF) for each 
compound across the calibration range using the below equations (Instrument 
software will generally perform this calculation):  


 
11.3.2.1 Relative Response Factors (RRF):  


 
  RRF  =  A


x
 x C


is
 


                  A
is
 x C


x
 


  
   Where:   


 A
x
 = Area of characteristic ion for the compound being measured.  


 A
is
= Area of characteristic ion for the specific internal standard.  


 C
is
 = Concentration of the specific internal standard.  


 C
x
= Concentration of the compound being measured. 


 
11.3.2.2 Average RRF: 


    
 Average RRF = ∑RRF


1
-RRF


x
  


    X 
 
Where: 
∑RRF


1
-RRF


x
= Sum of RRFs 


  X  = Number of RRF values 
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11.3.2.3 %RSD: 
        


%RSD =         SD         x 100 
      Mean RRF 


 
Where: 
Mean RRF = Mean RRF from 11.3.2.2 
           SD = Standard Deviation 


 
11.3.3 Acceptance Criteria 


 
11.3.3.1 System Performance Check Compounds (SPCC): The compounds 


choromethane, 1,1-dichloroethane, 1,1,2,2-tetrachoroethane, 
chlorobenzene, bromoform, benzene, toluene, ethylbenzene, m-
xylene, p-xylene, o-xylene, total xylenes, and all oxygenates are 
designated as SPCCs.  These compounds must meet minimum 
average RRF criteria as listed below.     


  
System Performance Check Compounds (SPCCs) Minimum RRF 


Chloromethane 0.100 
1,1-Dichloroethane 0.100 


1,1,2,2-Tetrachloroethane 0.300 
Chlorobenzene 0.300 


Bromoform 0.100 


tert-Butyl Alcohol 0.100 


Benzene 0.300 
Ethylbenzene 0.300 


Toluene 0.300 
m-Xylene 0.300 
o-Xylene 0.300 
p-Xylene 0.300 


Total Xylenes 0.300 
Diisopropyl ether 0.300 


Ethyl-tert-butyl ether 0.300 
tert-Amyl methyl ether 0.300 
Methyl tert-butyl ether 0.300 


 
11.3.3.2 Calibration Check Compounds (CCCs): The compounds 1,1-


dichloroethene, chloroform, 1,2-dichloropropane, toluene, 
ethylbenzene and vinyl chloride are designated as CCCs.  These 
compounds should have a %RSD of <15% and must have a %RSD < 
30%. 


11.3.3.3 All surrogate compounds must have an RRF >0.200. 
11.3.3.4 Linearity 


 
11.3.3.4.1 TCL and surrogate compounds must have a %RSD of 


<15% or a calibration curve must be generated. 
11.3.3.4.2 If linear regression or quadratic calibration is used, the 
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correlation coefficient (r) must be > 0.995 or the 
coefficient of determination (r2) must be > 0.990.   


11.3.3.4.3 The use of quadratic calibration requires six calibration 
points at a minimum. 


 
11.3.3.5 Second Source Verification 


 
11.3.3.5.1 Upon completion of the initial calibration, the curve must 


be verified by analysis of a second source calibration 
standard falling at or near the approximate mid-point of 
the curve. 


11.3.3.5.2 The RRF for SPCC’s must meet criteria as documented in 
Section 11.3.3.1. 


11.3.3.5.3 The percent deviation for each CCC must be < 20.0%.  
BTEX and Oxygenates must be < 30.0%.  Naphthalenes 
must be < 40.0%. 


11.4 Calibration Verification 
 


11.4.1 A continuing calibration standard (CCV) at the mid-point of the calibration 
curve must be analyzed at the beginning of each 12-hour analytical period 
following the system performance check (Section 11.2) and prior to sample 
analysis. 


11.4.2 Acceptance Criteria 
 


11.4.2.1 SPCCs must meet the minimum RRFs as documented in Section 
11.3.3. 


11.4.2.2 CCC’s and target compounds must meet criteria documented in 
Section 11.3.3.5.3.  If analytes are biased high in CCV and samples 
are non-detect for those analytes, samples may be reported. 


11.4.2.3 For each CCC, the percent difference (%D) between the mean RRF as 
established by the initial calibration and the continuing calibration 
RRF must be < 20.0%. 


11.4.2.4 Areas of the internal standards must fall within 50-200% of those 
established by the mid-level standard of the most recent initial 
calibration. 


11.4.2.5 Retention times of the internal standards must be within 30 
seconds of those in the mid-level standard of the most recent initial 
calibration. 


11.4.2.6 If any of the above criteria are not meet, corrective action must be 
taken prior to sample analysis.   


11.4.2.7 Any analytical results associated with failed acceptance criteria in 
Sections 11.4.1 and/or 11.4.2 must be reanalyzed if there is 
sufficient sample weight/volume.  If there is not sufficient sample 
weight/volume to reanalyze the samples affected by the non-
compliant CCV, the non-compliance must be documented in the 
project’s narrative. 


12) Sample Preparation/Analysis 


12.1 Following instrument tune and calibration verification, a LCS and the method blank 
must be analyzed and meet criteria prior to sample analysis. 
  
12.1.1 Laboratory Control Samples (LCS):  


Uncontrolled Document







VOC by 8260B 
 HN-VMS-003-R05 
 Effective: 04/30/2014 
 Page 20 of 33 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


 
12.1.1.1 The LCS must be prepared from a second source calibration stock, 


containing the compounds on the standard reporting list at or 
below the mid-point of the calibration curve.   


12.1.1.2 The LCS must be analyzed after the continuing calibration 
verification for aqueous samples and low level soils.  An LCS must 
be prepared with every extraction batch for medium-high level 
soils. 


12.1.1.3 Accuracy and precision for the LCS must be within the specified 
LIMS test code criteria 


12.1.1.4 Compounds may be biased high in the LCS as long as samples are 
non-detect for those compounds.  If benzene, ethylbenzene, 
toluene, m-xylene, o-xylene, p-xylene, total xylenes and oxygenates 
are biased low the samples and QC must be reprepared and 
reanalyzed unless there is insufficient sample weight/volume.  If 
there is insufficient sample weight/volume to reprepare and 
reanalyze the samples associated with QC failure it must be 
documented in the project narrative. 
 


12.1.2 Method Blank:  
 


12.1.2.1 A method blank must be analyzed with each group of up to 20 
samples analyzed on the same instrument during the same 
analytical shift for aqueous samples and low level soils, or prepared 
with the extraction batch for medium-high level soils/sediments. 


 
12.1.2.2 Preparation: 


 
12.1.2.2.1 For aqueous matrices, use de-ionized water. 
12.1.2.2.2 For low-level soil/sediment, use 5 grams of clean 


Ottawa sand and 5 mL of reagent grade water with 
the appropriate preservative (see Section 8.5). 


12.1.2.2.3 For medium level soil/sediment: 
 


12.1.2.2.3.1 Add 10 grams of clean sand to 10 mL methanol.   
12.1.2.2.3.2 Shake for 2 minutes and sonicate for 20 minutes.   
12.1.2.2.3.3 Add DI water to a 50 mL volumetric flask near 


mark.   
12.1.2.2.3.4 Add 1 mL of methanol extract from soil blank.   
12.1.2.2.3.5 Bring to final volume and mix.   
12.1.2.2.3.6 Transfer contents to 1 40mL VOA vial. 


 
12.1.2.2.4 Target compounds found in the method blank should 


be less than 1/2 the Practical Quantitation Limit (PQL) 
for each target compound, except for common lab 
contaminants such as Methylene chloride, 2-Butanone 
and Acetone. These compounds must be = (5 x PQL).  
If the method blank does not meet these criteria 
samples must be reprepared and reanalyzed unless 
there are no positive results or the sample results are 
more than 10 times the concentration in the blank.   


12.1.2.2.5 Internal standards must meet criteria. 
12.1.2.2.6 If the method blank does not meet acceptance 
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criteria, appropriate corrective action must be taken 
before sample analysis begins.  Analysis of samples 
must not begin until all of the above criteria have 
been met.   


12.1.2.2.7 Water Samples:  
 


12.1.2.2.7.1 Allow samples to warm to room temperature.  
12.1.2.2.7.2 Withdraw 5 mL of the sample to be analyzed.   
12.1.2.2.7.3 Add 1 uL of the internal standard solution 


(Section 10.9) and 1 uL of the surrogate solution 
(Section 10.4) for an Archon autosampler or 5 uL 
of the internal standard solution (Section 10.10) 
and 5 uL of the surrogate solution (Section 10.5) 
for an Atomx or Centurion Autosampler and 
analyze.   


 
12.1.2.2.8 Water Miscible Organic Samples: 


 
12.1.2.2.8.1 This type of sample should be diluted at least 50-


fold in methanol, an aliquot added to reagent 
grade water, and analyzed. 


   
12.1.2.2.9 Low-Level Soil/Sediment Samples: 


 
12.1.2.2.9.1 To 5.0 grams of sample add 5 mL of reagent 


grade water and analyze using a heated (400 C) 
purge.  


12.1.2.2.9.2 Weighing of samples will introduce bias into the 
analytical results due to analyte volatility.  Closed 
loop sampling (Method 5035) may be employed 
as an alternative sample introduction technique to 
alleviate this bias. 


 
12.1.2.2.10 High-Level Soil/Sediment Samples: 


 
12.1.2.2.10.1 To 10 g of soil add 10 mL of methanol. If more 


than 10 g of soil has been submitted, add 
sufficient methanol to maintain a 1:1 
weight:volume ratio. 


12.1.2.2.10.2 Shake for 2 minutes, then sonicate for 20 
minutes, and let settle. Using a Pasteur pipette, 
draw off an aliquot of the methanol and store 
refrigerated or frozen. 


12.1.2.2.10.3 Dilute 1mL of the methanol extract to 50 mL with 
reagent grade water and analyze. 


 
12.1.2.2.11 Dilutions:  


 
12.1.2.2.11.1 Dilutions are made just prior to GC/MS analysis.  
12.1.2.2.11.2 Quantitation using secondary ions is not 


permitted in place of dilution.   
12.1.2.2.11.3 Dilutions must contain at least one compound 


near the midpoint or higher unless the matrix or 
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concentrations of non-target analytes do not allow 
for running a sample at a higher concentration. 


12.1.2.2.11.4 Intermediate dilutions may be necessary for 
extremely large dilutions.   


12.1.2.2.11.5 Note:  Isomers should be considered separately 
and dilutions made when the concentration of 
individual isomers exceed the initial calibration 
range. (Examples of this situation are total 
xylenes and cis/trans-1,2-dichloroethene.) 


12.1.3 Matrix Spikes 
 


12.1.3.1 Aqueous Samples 
 


12.1.3.1.1 Spike a 40 mL VOA vial of aqueous sample through 
the septum with 260 uL of P&T grade methanol 


12.1.3.1.2 Spike 40 uL of LCS Mix (Section 10.12.5) through the 
septum. 


12.1.3.1.3 Invert vial at least three times. 
 


12.1.3.2 Low Level Soils-Sediments 
 


12.1.3.2.1 Spike sample through septum with 32.5 uL of P&T 
grade methanol. 


12.1.3.2.2 Spike sample through septum with 5 uL of LCS Mix 
(Section 10.12.5) 


12.1.3.2.3 Repeat for MSD. 
 


12.1.3.3 Medium Level Soils-Sediments 
 


12.1.3.3.1 Spike sample with 50 uL LCS Mix (Section 10.12.9) for 
every 10 mL of methanol. 


12.1.3.3.2 Shake for 2 minutes and sonicate for 20 minutes 
12.1.3.3.3 Add DI water to a 50 mL volumetric flask near mark. 
12.1.3.3.4 Add 1 mL of extracted methanol from soil MS/MSD. 
12.1.3.3.5 Bring to final volume and mix. 
12.1.3.3.6 Transfer contents to 1 – 40mL VOA vial. 


 
12.1.4 Qualitative Requirements:  
 


12.1.4.1 Analyte identification is performed by comparing the spectrum of 
the suspected compound with that of a standard reference 
spectrum as established from the daily calibration check. 


12.1.4.2 The retention time of the internal standards for a sample or QC 
sample must be within ± 30 seconds of the retention time of the 
associated CCV. 


12.1.4.3 The retention time of the internal standards of a CCV must be 
within ± 30 seconds of the retention time of the midpoint of the 
associated calibration. 


12.1.4.4 The analyte RRT must be within ±0.06 RRT units of the RRT (or ±30 
sec) of the current standard analyzed. 
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12.1.4.5 If there are interferences in the primary ion profile that makes RRT 
determination difficult, the secondary ion may be used.  


12.1.4.6 For mass spectra comparisons, all ions in the standard spectrum at 
an intensity of >10% relative to the most abundant ion must be 
present in the sample spectrum.  In addition, the qualifying ions 
must agree within +20%. 


12.1.4.7 Analyst judgment may be exercised as necessary in the event of 
analyte detection that does not meet the above criteria. 


 
12.1.5 Tentatively Identified Compounds (TICs): 
 


12.1.5.1 Upon request, a library search (referenced to the NBS/NIST Mass 
Spectral Library) will be performed on each sample to identify any 
components not matched to calibration standard spectra. 


12.1.5.2 Matching spectrum with a correlation of > 80 should be reported as 
TICs.  


12.1.5.3 The analyst reviewing the library search results makes final 
identification. If no adequate match can be determined, the 
compound is reported as an “UNKNOWN” 


13) Troubleshooting 


13.1 Refer to individual instrument hardware manuals for specific technical guidance. 


14) Data Acquisition  
14.1 Data is acquired though Agilent ChemStation and quantitated by the EnviroQuant 


software program. 


14.2 Typical Analytical Sequence: 


 
14.2.1 Instrument Tune (BFB) 
14.2.2 Initial Calibration (ICAL, see section 11) 
14.2.3 Initial Calibration Verification (ICV see section 11) 
14.2.4 Instrument Tune (BFB) 
14.2.5 Continuing Calibration Verification (CCV see section 11) 
14.2.6 Laboratory Control Sample (LCS) 
14.2.7 Method Blank (MBLK) 
14.2.8 Field Samples (SAMP) 
14.2.9 Matrix Spike (MS) 
14.2.10 Matrix Spike Duplicate (MSD) 


14.3 Analytical window may not exceed 12 hours from injection of instrument tune. 


15) Calculation, and Data Reduction Requirements 
15.1 Water and Water-Miscible Waste 


 


 
)V((RF))A(


)I()A(
 = (ug/l) ionconcentrat


ois


sx  


  Where: 
   A


x
  =  Area of the characteristic ion for the compound being measured. 


   I
s
 =  Amount of internal standard injected (ng). 


  A
is 


 =  Area of the characteristic ion for the specific internal standard. 
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   RF   =  Response factor for the compound. 
   V


o
     =  Volume of water purged (mL) 


 


15.2 Low Level Soils 


)W)(RF)(A(
)I)(A(


 = (ug/kg) ionconcentrat
sis


sx  


 


15.3 Medium-High Level Soils 
 


                                                      
)W)(V)(RF)(A(


)V)(I)(A(
 = (ug/kg) ionconcentrat


siis


tsx  


 
  Where: 
   A


x
, I


s
, A


is
, RF = same as for water. 


   V
t
  =  volume of total extract (up) (use 5,000 up, 10,000 up, or dilution volume 


as required). 
   V


i 
= volume of extract added (up) for purging. 


   W
s
  = weight of sample extracted or purged (g).  The dry weight is used in the 


calculation.  The dry weight is the weight times the percent solids.     


15.4 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations: 


 
15.4.1  Surrogate Recovery: 


 
Where:  


SurrSR  = Surrogate Spiked Sample Result (ug/L).  
SurrSA  = Surrogate Spike Amount Added (ug/L). 
 


15.4.2 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 
 


15.4.3 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 


( )
100


SA
SRSSR


R% ×
−


=


( )
100


SA


SSR
R% ×=


( )
100% ×=


SurrSA
SurrSR


R
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SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.4.4 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Instrument Tune – BFB 
  


16.1.1 Perform prior to continued operation for each 12 hour shift  
16.1.2 Acceptance criteria documented in Section 11.2.1 must be achieved prior to 


continued operation.  
16.1.3 Corrective action:  
 


16.1.3.1 Discontinue operation and perform instrument maintenance.  
16.1.3.2 All samples associated with a failed tune must be reanalyzed after 


corrective action has been performed.       


16.2 Initial Calibration:  
 


16.2.1 Frequency:  A new curve must be generated when ICV or CCV criteria are not 
met, after major instrument maintenance, or after changes in operating 
conditions  


16.2.2 Acceptance Criteria:  
 


16.2.2.1 Initial calibration curve must minimally contain 5-points for all 
analytes.  If the curve is established by utilization of quadratic 
regression, 6 data points (minimally) must be used.  


16.2.2.2 SPCCs must achieve minimum RRFs listed in Section 11.3.3.1. 
16.2.2.3 The RSD for CCC RRFs must be < 30%. 


 
16.2.2.4 Linearity: 


 
16.2.2.4.1 All analytes must have a %RSD < 15%, or 
16.2.2.4.2 The correlation coefficient (r) must be > 0.995, or the 


coefficient of determination (r2) must > 0.99.   
 


16.2.2.5 Data Point Rejection: 
 


16.2.2.5.1 Data points from the highest or lowest calibration 
standard may be rejected because of non-linearity.  


16.2.2.5.2 An entire calibration level may be rejected for a valid 
analytical reason.  However, the reason for such a 
rejection should be documented on the analytical 
sequence and in the instrument run log (if applicable). 


16.2.2.5.3 Individual points within calibration levels, other than the 
low/high levels, cannot be rejected. 


 


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


Uncontrolled Document







VOC by 8260B 
 HN-VMS-003-R05 
 Effective: 04/30/2014 
 Page 26 of 33 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


16.2.2.6 No SME allowances may be applied to initial calibration evaluation. 
 


16.2.3 Corrective Action:   
 


16.2.3.1 Check standards and/or perform maintenance as necessary to 
correct problem and generate new initial calibration curve. 


16.3 Initial Calibration Verification (ICV):   
 


16.3.1 An ICV must be completed each time a new initial calibration curve is 
generated. 


16.3.2 The ICV must be completed using a second source standard.   
16.3.3 ICV results must the criteria listed in Sections 11.3.3.1 and 11.3.3.5.3.  If 


CCCs are not included in the project, all target analytes must have a percent 
difference of <20% or be flagged as estimated results. 


16.3.4 Corrective action: 
 


16.3.4.1 Evaluate condition and age of standards being used and perform 
any needed system maintenance.  


16.3.4.2 Reprepare and reanalyze the ICV.  If the ICV fails again perform a 
new initial calibration. 


16.3.4.3 Samples associated with a failed initial calibration or ICV must be 
reprepared and re-analyzed if there is sufficient sample 
weight/volume.  If re-analysis cannot be completed, all associated 
results must be qualified in the project narrative. 


16.4 Continuing Calibration Verification (CCV): 
 


16.4.1 The CCV must be run at the beginning of every 12-hour analytical sequence.   
16.4.2 For Wisconsin Samples - If a non-linear regression is used for quantitation, a 


2nd CCV at a dissimilar concentration must be processed and be evaluated 
against the same criteria as the 1st CCV. 


16.4.3 The CCV must be run following the instrument performance check and prior 
to sample analysis. 


16.4.4 Acceptance Criteria:    
 


16.4.4.1 SPCCs must have a minimum RRF as documented in Section 
11.3.3.1. 


16.4.4.2 The percent differences must meet the criteria listed in Section 
11.3.3.5.3. 


16.4.4.3 If CCCs are not required in the project, all target analytes must 
have a percent difference of <20%. 


16.4.4.4 If analytes are biased high in CCV and samples are non-detect for 
those compounds, no corrective action is necessary. 
 


16.4.5 Corrective Action: 
 


16.4.5.1 Check instrument performance and standard condition.  Perform 
any necessary instrument maintenance. 


16.4.5.2 Reanalyze the CCV.  If the CCV does not meet the criteria in Section 
16.4.3, perform a new initial calibration as documented in Section 
11.3. 
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16.4.5.3 Any samples associated with a failed CCV must be re-analyzed.  If 
re-analysis cannot be completed, all associated results must be 
narrated in the project. 


16.5 Method blank: 
 


16.5.1 Method blanks must be analyzed every 12 hours or with every analytical batch 
(whichever occurs first) for aqueous samples and low level soils/sediments.  
For medium-high level soils/sediments, a method blank must be prepared 
with every extraction batch. 


16.5.2 Target compounds found in the method blank must be less than 1/2 the 
Practical Quantitation Limit (PQL) for each target compound, except for 
common lab contaminants such as Methylene chloride, 2-Butanone and 
Acetone. These compounds must be = (5x PQL).  If there is contamination in 
the blank over these criteria and there are no positive results, or the sample 
results are more than 10 times the concentration detected in the blank, the 
samples may be reported with narration to that effect.   


16.5.3 Corrective Action: 
 


16.5.3.1 Check instrument condition and perform maintenance as necessary. 
16.5.3.2 Reanalyze the blank to determine if instrument contamination was 


the cause. 
16.5.3.3 If instrument condition/contamination was not the cause, any 


samples associated with the failed method blank not meeting the 
criteria listed in Section 16.5.2 must be re-prepared and re-
analyzed if there is sufficient sample weight/volume.  If there is not 
sufficient sample weight/volume to re-prepare and analyze, all 
associated results must be qualified in the project narrative to 
indicate blank contamination and possible bias.  


16.6 Laboratory Control Samples (LCS) 
 


16.6.1 The LCS is a system-check standard made from a second source stock, 
containing the compounds on the standard reporting list and at the same 
concentration as the continuing calibration.  The LCS is analyzed after the 
continuing calibration.  


16.6.2 The LCS accuracy must be within the acceptance criteria documented in LIMS.  
16.6.3 Corrective actions 


 
16.6.3.1 Check instrument performance and standard condition.  Perform 


any necessary instrument maintenance. 
16.6.3.2 Reanalyze the LCS.  If the LCS does not meet the criteria in Section 


12.1.1.4 and 12.1.1.5 all associated samples in the batch must be 
re-prepared and re-analyzed if there is sufficient sample 
weight/volume.  If re-preparation or re-analysis cannot be 
completed, all results must be qualified as estimated in the project 
narrative. 


16.7 Matrix Spike and Matrix Spike Duplicate (MS/MSD): 
 


16.7.1 A MS/MSD pair should be performed at a frequency of at least one MS /MSD 
per extraction batch (if applicable) per set of 20 samples per matrix. 


16.7.2 The MS/MSD pair must be spiked at or below the mid-point of the calibration 
curve. 


16.7.3 Acceptance Criteria: 
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16.7.3.1 Spike accuracy should fall within the documented LIMS criteria.  
16.7.3.2 Precision should fall within the documented LIMS criteria. 
16.7.3.3 If MS/MSD recoveries are outside acceptance criteria, the anomaly 


may be due to matrix effects.  If the LCS is acceptable, the anomaly 
will be reported as probable matrix interference.  


16.8 Surrogates 
 


16.8.1 Surrogate compounds must be added to all standards, blanks, samples, and 
QC samples. 


16.8.2 Surrogate recovery must fall within the documented LIMS criteria.   
16.8.3 All project sample matrices with failed surrogate recovery must be thoroughly 


reviewed.  If recovery failure can be reasonably based upon matrix effects, 
high dilution, etc, initiate a non-conformance report and flag/report sample 
results.  If no reasonable explanation is present for the failure, follow the 
corrective actions. 


16.8.4 Corrective Action 
 


16.8.4.1 Check to make sure there are no errors in calculations, surrogate 
solutions, and internal standards.  Check instrument performance.  
If instrument performance is found to be the cause of failed 
surrogate recoveries correct the problem and reanalyze the 
samples. 


16.8.4.2 If instrument performance is not the cause for failed surrogate 
recoveries all samples associated with failed surrogate recovery in 
an interference free matrix (MB/LCS/CCV) must be re-prepared and 
re-analyzed when there is sufficient sample weight/volume.  If there 
is not sufficient sample weight/volume, the failed surrogate 
recovery must be noted in the project narrative. 


16.8.4.3 If instrument performance is not the cause for failed surrogate 
recoveries in samples, the samples must be re-prepared and 
reanalyzed when there is sufficient sample weight/volume.  If there 
is not sufficient sample weight/volume, the failed surrogate 
recovery must be noted in the project narrative. 


16.8.4.4 If the reanalysis is within limits and holding times for the sample, 
only the reanalysis needs to be reported. 


16.8.4.5 If the reanalysis of the sample is within limits but not within 
holding times then both sets of data must be reported. 


16.8.4.6 If the reanalysis is not within limits both sets of data must be 
reported. 


16.8.4.7 If the sample was chosen as the MS/MSD and the MS and/or MSD 
was outside of limits no reanalysis is required. 


16.9 Internal Standards:  
  


16.9.1 All samples, blanks, standards, and QC must be spiked with internal 
standards.  


16.9.2 Internal standard areas for all sample and quality control analyses must not 
vary by more than a factor of two (-50% to +100%) from the associated 12-
hour calibration standard. 


16.9.3 The retention time of the internal standard(s) for all sample and quality 
control analyses must not vary more than + 30 seconds from the retention 
time of the associated 12-hour calibration standard. 
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16.9.4 Corrective Action: 
 


16.9.4.1 If the internal standard areas do not achieve acceptance criteria, 
inspect instrument for malfunctions, correct identified 
malfunctions, then reanalyze samples. 


16.9.4.2 If no instrument malfunction is identified reanalyze the sample.  If 
the internal standards are still out on the reanalysis both sets of 
data must be reported.  If the internal standards are in on the 
reanalysis, only the second set of data must be reported. 


16.9.4.3 NOTE:  Several sample types exhibit matrix effects that make 
recovery of the internal standards and surrogates very difficult. 
These sample types may be run at a dilution or a methanol extract 
run to achieve acceptable criteria.  If target compounds are present 
in undiluted runs with failing QC (surrogates or internal standards) 
and are diluted out to achieve passing QC, it may be necessary to 
report the undiluted analyses with data qualifier flags and an 
appropriate discussion within the case narrative by project 
management.  


16.10 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 10 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 
18.1 When method required QC exceedances occur, in every case where sample data quality 


are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
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flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed.  


20) Summary of Changes 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R04 8/1/12 CES Formatting 
R04 8/1/12 AK Updating 
R05 4/30/14 CES Formatting; Update spike info and include audit 


response items. 


21) References and Related Documents 


21.1 VOC Gases (Table 21.1) 


21.2 VOC ADDS Mix (Table 21.2) 


21.3 VOC Main Mix (Table 21.3) 


21.4 VOC LCS Mixture (Table 21.4) 


21.5 U.S. Environmental Protection Agency, “Method 8260B Volatile Organic Compounds By 
Gas Chromatography/Mass Spectrometry”, Test methods for Evaluating Solid Waste 
Physical/Chemical Methods, Revision 2, August, 1996. 


21.6 U.S. Environmental Protection Agency, “Method 8000C Determinative Chromatographic 
Separations”, Test methods for Evaluating Solid Waste Physical/Chemical Methods, 
Revision 3, March, 2003.  


21.7 U.S. Environmental Protection Agency, “Method 5030C: Purge and Trap for Aqueous 
Samples”, Revision 3, May, 2003. 


21.8 U.S. Environmental Protection Agency, “Method 5035A: Purge and Trap for Aqueous 
Samples”, Draft Revision 1, July 2002. 


21.9 ALS Environmental Quality Assurance Manual, Version (most current) 
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Table 21.1 – VOC Gases 
 
  Bromomethane   Dichlorodifluoromethane 
  Chloroethane    Trichlorofluoromethane 
  Chloromethane   Vinyl Chloride 
   
 


Table 21.2 – VOC ADDS Mix 
 


acetone    amyl acetate 
tert-amyl methyl ether   butyl acetate 
tert-butyl alcohol   2-butanone    
cyclohexanone   diisopropyl ether     
ethyl-tert-butyl ether   ethyl acetate 
2-hexanone    isopropyl acetate 
methyl acetate    methyl tert-butyl ether 
4-methyl-2-pentanone   propyl acetate     
vinyl acetate 


Uncontrolled Document







VOC by 8260B 
 HN-VMS-003-R05 
 Effective: 04/30/2014 
 Page 32 of 33 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


 
 
 
 


Table 21.3 – VOC Main Mix 
 


acetonitrile    acrolein 
acrylonitrile    allyl chloride     
benzene    benzyl chloride 
bromobenzene   bromochloromethane 
bromodichloromethane  bromoform 
n-butylbenzene   sec-butylbenzene 
tert-butylbenzene   carbon disulfide 
carbon tetrachloride   chlorobenzene 
2-chloroethanol   2-chloroethyl vinyl ether 
chloroform    chloroprene 
2-chlorotoluene   4-chlorotoluene 
cyclohexane    dibromochloromethane   
1,2-dibromo-3-chloropropane  1,2-dibromoethane   
dibromomethane   1,2-dichlorobenzene    
1,3-dichlorobenzene   1,4-dichlorobenzene    
cis-1,4-dichloro-2-butene  trans-1,4-dichloro-2-butene   
1,1-dichloroethane   1,2-dichloroethane    
1,1-dichloroethene   cis-1,2-dichloroethene    
trans-1,2-dichloroethene  1,2-dichloropropane    
1,3-dichloropropane   2,2-dichloropropane    
1,1-dichloropropene   cis-1,3-dichloropropene   
trans-1,3-dichloropropene  diethyl ether     
1,4-dioxane    ethylbenzene     
ethyl methacrylate   heptane 
hexachloro-1,3-butadiene  hexachloroethane 
hexane     iodomethane     
isobutyl alcohol   isopropylbenzene    
4-isopropyltoluene   methacrylonitrile  
methylcyclohexane   methyl acrylate    
methyl methacrylate   methylene chloride    
2-methylnaphthalene   naphthalene    
nitrobenzene    2-nitropropane  
pentachloroethane   propionitrile     
n-propylbenzene   styrene      
1,1,1,2-tetrachloroethane  1,1,2,2-tetrachloroethane  
tetrachloroethene   tetrahydrofuran    
toluene    1,2,3-trichlorobenzene   
1,2,4-trichlorobenzene  1,3,5-trichlorobenzene   
1,1,1-trichloroethane   1,1,2-trichloroethane 
trichloroethene   1,2,3-trichloropropane   
1,1,2-trichlorotrifluororethane 1,2,3-trimethylbenzene   
1,2,4-trimethylbenzene  1,3,5-trimethylbenzene   
2,2,4-Trimethylpentane  m-xylene 
o-xylene    p-xylene 
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Table 21.4 – VOC LCS Mixture 
 
acetone    acrylonitrile   allyl chloride 
benzene    bromobenzene  bromochloromethane 
bromodichloromethane  bromoform   bromomethane 
2-butanone    carbon disulfide  carbon tetrachloride 
chloroacetonitrile   chlorobenzene   1-chlorobutane 
chloroethane    chloroform   chloromethane 
2-chlorotoluene   4-chlorotoluene  cis-1,2-dichloroethene 
cis-1,3-dichloropropene  cyclohexane   dibromochloromethane 
1,2-dibromo-3-chloropropane  1,2-dibromoethane  dibromomethane 
dichlorodifluoromethane  1,2-dichlorobenzene  1,3-dichlorobenzene  
1,4-dichlorobenzene   1,1-dichloroethane  1,2-dichloroethane  
1,1-dichloroethene   1,1-dichloro-2-propanone 1,2-dichloropropane  
1,3-dichloropropane   2,2-dichloropropane  1,1-dichloropropene  
diethyl ether    diisopropyl ether  ethyl methacrylate 
ethylbenzene    ethyl tert-butyl ether  hexachlorobutadiene   
hexachloroethane   2-hexanone   isopropylbenzene   
4-isopropyltoluene   methacrylonitrile  methyl acrylate 
methylcyclohexane   methyl iodide   methyl methacrylate 
methylene chloride   4-methyl-2-pentanone  methyl tert-butyl ether  
naphthalene    n-butylbenzene  nitrobenzene    
2-nitropropane   n-propylbenzene  pentachloroethane 
propionitrile    sec-butylbenzene  styrene  
tert-amyl methyl ether   tert-butyl alcohol  tert-butylbenzene   
1,1,1,2-tetrachloroethane  1,1,2,2-tetrachloroethane tetrachloroethene 
tetrahydrofuran   toluene   trans-1,2-dichloroethene 
trans-1,3-dichloropropene  trans-1,4-dichloro-2-butene 1,2,3-trichlorobenzene 
1,2,4-trichlorobenzene  1,1,1-trichloroethane  1,1,2-trichloroethane  
trichloroethene   trichlorofluoromethane 1,2,3-trimethylbenzene 
1,2,4-trimethylbenzene  1,3,5-trimethylbenzene 1,2,3-trichloropropane 
vinyl chloride    m-xylene    o-xylene     
p-xylene 
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POLYCHLORINATED BIPHENYLS 


1) Scope and Applicability 


1.1 This SOP is used to determine the concentrations of polychlorinated biphenyls (PCBs) 
as Aroclors utilizing a gas chromatograph equipped with electron capture detectors 
(ECD). The analytical determination of the target analytes listed in Table 1.1 is 
applicable to this SOP.  


  
  Table 1.1 


Compound CAS Registry No. 
Aroclor 1016 12674-11-2 
Aroclor 1221 11104-28-2 
Aroclor 1232 11141-16-5 
Aroclor 1242 53469-21-9 
Aroclor 1248 12672-29-6 
Aroclor 1254 11097-69-1 
Aroclor 1260 11096-82-5 
Aroclor 1262 37324-23-5 
Aroclor 1268 11100-14-4 


 


1.2 Aroclors are multi-component mixtures of chlorinated biphenyls.  When samples 
contain more than one Aroclor, a higher level of analyst expertise is required to attain 
acceptable levels of qualitative and quantitative analysis.  The same is true of Aroclors 
that have been subjected to environmental degradation ("weathering") or degradation 
by treatment technologies. Such weathered multi-component mixtures may have 
significant differences in peak patterns than those of Aroclor standards. 


1.3 This SOP is based upon and compliant with SW846-8082 and SW846-8082A.  


1.4 Analyte verification is based on use of a secondary gas chromatographic column to 
confirm the measurements made with the primary column. 


2) Summary of Procedure 


2.1 A measured volume or weight of sample (approximately 1 L for liquids or 15 g for 
solids) is extracted using the appropriate matrix-specific sample extraction technique. 


2.2 Aqueous samples are extracted at neutral pH with methylene chloride using Method 
3510C (separatory funnel). Solid samples are extracted with a hexane/acetone mixture 
using Method 3540 (Soxhlet), Method 3541 (Automated Soxhlet), or Method 3550 
(ultrasonic extraction).  The extraction procedures use a hexane solvent exchange (if 
necessary) in preparation of the final extract for analysis by GC/ECD.  


2.3 Sample extracts may be subjected to a sulfuric acid cleanup (Method 3665). This 
cleanup technique will remove (destroy) many single component organochlorine or 
organophosphorus pesticides.  Therefore, Method 8082 is not applicable to the 
analysis of those compounds.  


2.4 After cleanup, the extract is analyzed by injecting a 0.5-µL aliquot into a gas 
chromatograph with a narrow- or wide-bore fused silica capillary column and electron 
capture detector (GC/ECD). 
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3) Definitions 
3.1 GC/ECD = Gas Chromatograph / Electron Capture Detector  


3.2 Organic Free Water: Deionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm). For 
additional purification before use, the DI water is passed through an activated carbon 
filter.    


3.3 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.5 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.6 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.8 Standard Curve:  A plot of known analyte concentrations (standards) versus the 
instrument response. 


3.9 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which is not normally found in 
environmental samples.  


3.10 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.11 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.12 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 
4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 


coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 


Uncontrolled Document







PCBs by 8082 
 HN-GC-002-R07  
 Effective: 10/15/2013 
 Page 3 of 20 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 
5.1 Electron capture detectors are sensitive to the presence of chlorinated compounds.  


Exposure of the detectors to extraneous chlorinated sources, such as methylene 
chloride, must be avoided. 


5.2 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Refer to HN- EQ-004 for additional 
information. 


6) Interferences 


6.1 Interferences co-extracted from the samples will vary considerably from matrix to 
matrix.  While general cleanup techniques are referenced or provided as part of this 
method, unique samples may require additional cleanup approaches to achieve desired 
degrees of discrimination and quantitation. Sources of interference in this method can 
be grouped into three broad categories.  


 
6.1.1 Contaminated solvents, reagents, or sample processing hardware.  
6.1.2 Contaminated GC carrier gas, parts, column surfaces, or detector surfaces. 
6.1.3 Compounds extracted from the sample matrix to which the detector will 


respond.   


6.2 Interferences by phthalate esters introduced during sample preparation can bias PCB 
peak pattern determinations.   


 
6.2.1 Avoiding contact with any plastic materials and checking all solvents and 


reagents for phthalate contamination can best minimize interferences from 
phthalate esters.  


6.2.2 Exhaustive cleanup of solvents, reagents and glassware may be required to 
eliminate background phthalate ester contamination.   These materials can be 
removed through the use of Method 3665 (sulfuric acid cleanup).  


6.3 Clean all glassware as soon as possible after use by rinsing with the last solvent used. 
After rinsing, wash all glassware utilizing the procedures documented in SOP HN-GEN-
003 (glassware cleaning). 


7) Personnel Qualifications and Responsibilities 
7.1 General Responsibilities - This method is restricted to use by or under the supervision 
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of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 
8.1 All samples must be iced or refrigerated at 4oC (+/- 2 oC) from the time of collection 


until extraction.  Refer to Table 8.1 for sample containers, sample preservation and 
sample holding time information.  


TABLE 8.1 - SEMIVOLATILE ORGANICS  / ORGANOCHLORINE PESTICIDES/ PCBs AND HERBICIDES 
Sample Matrix Container Preservative Holding Time 
Concentrated 
Waste Samples 


125-ml widemouth 
glass with Teflon 
lined lid. 


None Samples extracted 
within 14 days and 
extracts analyzed 
within 40 days 
following extraction.  


Aqueous Samples 
With No Residual 
Chlorine Present 


1-gal., 2 x 0.5-gal., or 
4 x 1-L, amber glass 
container with 


Cool to 4oC Samples extracted 
within 7 days and 
extracts analyzed 
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Teflon-lined lid. within 40 days 
following extraction. 


Aqueous Samples 
WITH Residual 
Chlorine Present 


1-gal, 2 x 0.5-gal., or 
4 x 1-L, amber glass 
container with 
Teflon-lined lid. 


Add 3-ml 10% sodium thio-
sulfate solution per gallon 
(0.008%).  Addition of so-
dium thiosulfate solution to 
sample container may be per-
formed in the laboratory prior 
to field use. Cool to 4oC. 


Samples extracted 
within 7 days and 
extracts analyzed 
within 40 days 
following extraction. 


Solid Samples 
(e.g. soils, 
sediments, 
sludges, ash) 


250-ml wide mouth 
glass container with 
Teflon-lined lid 


Cool to 4oC Samples extracted 
within 14 days and 
extracts analyzed 
within 40 days 
following extraction. 


Wipes 2-oz wide mouth 
glass container with 
Teflon-lined lid 


Cool to 4oC Samples extracted 
within 14 days and 
extracts analyzed 
within 40 days 
following extraction. 


9) Equipment and Supplies 
9.1 Gas chromatograph – Agilent  6890 (or equivalent) GC equipped with electron capture 


detectors (ECDs).  


9.2 GC columns:   
  


9.2.1 Primary: 30.0m x 0.25mm ID x 0.25um Rtx-CLPesticides (Restek cat.# 11123)  
9.2.2 Secondary: 30.0m x 0.25mm ID x 0.20 um Rtx-CLPesticides2 (Restek cat.# 


11323)  
9.2.3 5m x 0.25mm ID Siltek Deactivated Guard Column 


9.3 Syringes - 10ul, 0.1ml, 0.5ml & 1.0ml  


9.4 Volumetric Flasks, class A, assorted sizes 


9.5 2-ml clear auto-sampler vials with screw cap closures lined with PTFE (Teflon). 


10) Standards and Reagents 


10.1 n-Hexane and Acetone - reagent grade or higher  


10.2 Solvents used in the extraction and cleanup procedures (see appropriate 3500 and 
3600 SOPs) include n-hexane and methylene chloride.   Acetone or toluene may also be 
required. All solvents must be reagent grade or higher.  


10.3 Aroclor Stock Standards in hexane @ 100 ug/ml (Restek or equivalent) 
 
10.3.1 Aroclor 1221 @ 100 µg/ml in hexane 
10.3.2 Aroclor 1232 @ 100 µg/ml in hexane 
10.3.3 Aroclor 1242 @ 100 µg/ml in hexane 
10.3.4 Aroclor 1248 @ 100 µg/ml in hexane 
10.3.5 Aroclor 1254 @ 100 µg/ml in hexane 
10.3.6 Aroclor 1262 @ 100 µg/ml in hexane 
10.3.7 Aroclor 1268 @ 100 µg/ml in hexane 
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10.4 Aroclor 1016/1260 Mix in hexane @ 1000 ug/ml (Restek #32039 or equivalent) 


10.5 Pesticide Surrogate Standard Spiking Solution in acetone @ 200 ug/ml, (Ultra ISM-320 
or equivalent) 


10.6 Calibration Working Stock @ 10 ug/ml Arochlor and 0.20 ug/ml Surrogate 
 


10.6.1 Add approximately 8 ml n-hexane to a 10 ml Class A volumetric flask. 
10.6.2 Add 100 ul of the Aroclor 1016/1260 stock (Section 10.4) 
10.6.3 Add 10 ul of the Surrogate stock (Section 10.5) 
10.6.4 Bring to volume with n-hexane and mix 
10.6.5 Transfer to a clean appropriately labeled amber container 
10.6.6 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of any parent stock. 


10.7 Initial Calibration Standards, (Aroclor 1016/1260 w/surrogates):  
 


10.7.1 Using the appropriate syringe, inject the amounts documented in Table 10.7.1 
of the Calibration Working Stock (Section 10.6) into a clean appropriately 
labeled 2 ml amber vial containing the designated amount of reagent grade n-
Hexane.   


10.7.2 Mix and store refrigerated. 
10.7.3 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of any parent stock. 
 


Table 10.7.1 Initial Calibration Standards - Concentration (ng/ml)  
ul of Calibration Working Stock 10ul 25ul 50ul 100ul 200ul 300ul 500ul 
ul of n-Hexane 990ul 975ul 950ul 900ul 800ul 700ul 500ul 
Final Volume 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 
Compound Name Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 
Aroclor 1016/1260, ppb  100 250 500 1000 2000 3000 5000 
Tetrachloro-meta-xylene 
(surrogate),  ppb 


2 5 10 20 40 60 100 


Decachlorobiphenyl (surrogate), 
ppb 


2 5 10 20 40 60 100 


 


10.8 Single Point Calibration Standards @ 5.0 ug/ml (non - 1016/1260)  
 


10.8.1 Using the appropriate syringe, inject 50 ul of the appropriate Aroclor Stock @ 
100 ug/ml (Section 10.3) into a 2 ml amber vial containing 950ul of reagent 
grade n-Hexane.  


10.8.2 Mix and store refrigerated. 
10.8.3 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of its parent compound. 


10.9 Pesticide/PCB Surrogate Spiking Mix @ 1.0 ug/mL:  
 


10.9.1 Add approximately 80 ml of hexane to a 100 ml Class A volumetric flask. 
10.9.2 Add 500 ul of the stock Surrogate mix (Section 10.5) 
10.9.3 Bring to volume with hexane and mix 
10.9.4 Transfer to a clean appropriately labeled amber bottle 
10.9.5 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of the parent stock. 
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10.10 Stock PCB (1016/1260) LCS/MS Spike @ 1000 ug/ml: (Ultra PPM-8082)    
 


10.10.1 PCB LCS/MS Water Spiking Mix @ 5 ug/ml: 
 


10.10.1.1 Add approximately 95 ml of n-hexane to a 100 ml Class A 
volumetric flask, 


10.10.1.2 Add 500 ul of the stock PCB Spike mix (Section 10.10) 
10.10.1.3 Bring to volume with n-hexane 
10.10.1.4 Transfer to a clean appropriately labeled amber bottle and store 


refrigerated. 
10.10.1.5 Replace after 6 months or if degradation is noted.  The expiration 


date may not exceed that of the parent stock.  
 


10.10.2 PCB LCS/MS Soil Spiking Mix @ 5 ug/ml 
 


Refer to Section 10.10.1 


10.11 Initial calibration verification (ICV): 
 


10.11.1 Prepare an ICV solution directly into hexane using the second source standard 
(Ultra PPM-8082 or equivalent) at or near the mid-point of the calibration 
curve. 


10.11.2 This standard must adhere to all specifications noted in Sections 11.4.1 
through 11.4.3. 


11) Method Calibration 


11.1 Approximate GC operating conditions are listed in Table 11.1:   
 


Table 11.1 - GC Operating Conditions 
GC Conditions GC Column Pair - Section 9.2 
Carrier gas: Helium 
Carrier gas flow rate: 2.0ml/minute @120oC (Constant) 
Head pressure: 45psi 
Makeup gas: Nitrogen 
Makeup gas flow rate: 75ml/minute 
Injector temperature: 250oC 
Detector temperatures: Front- 350oC  Back- 375oC 
Temperature program: 120oC to 288oC at 12oC/minute then hold for 2 minutes. 


 
11.1.1 The same GC conditions must be used for analysis of all standards, samples, 


blanks and QC samples.  


11.2 Initial Calibration Procedure 
 


11.2.1 Inject 0.50 ul of each of the 7 PCB (Table 10.7.1) levels utilizing the operating 
conditions listed in Table 11.1. 


11.2.2 Identify a peak pattern unique to each Aroclor.  Peak patterns should ideally 
utilize 5 peaks and, at a minimum, must utilize 3 peaks.  For each Aroclor, 
one peak must be unique and the remaining peaks should be at least 25% of 
the largest Aroclor peak. 


11.2.3 Record the peak area for each peak in the Aroclor pattern identification. 
11.2.4 Establish the Calibration Factor (CF) for each standard level and evaluate the 
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calibration curve as documented in Section 11.3.  If acceptable, proceed to 
Section 11.2.5. 


11.2.5 Analyze each of the remaining Aroclor standards (Section 10.8). 
11.2.6 Repeat Sections 11.2.2 and 11.2.3 for each Aroclor standard. 
11.2.7 Establish the CF for each Aroclor as documented in Section 11.3. 
11.2.8 Establish the appropriate Retention Time (RT) window for each Aroclor peak 


pattern as documented in Section 11.3.6. 


11.3 Initial Calibration Curve 
 


11.3.1 Calculate the calibration factor for each analyte at each standard 
concentration as documented in Section 15. 


11.3.2 Calculate the mean calibration factor, and the relative standard deviation 
(RSD) of the calibration factors as documented in Section 15.  


11.3.3 If the RSD for each analyte is < 15%, then the response of the instrument is 
considered linear and the mean calibration factor can be used to quantitate 
sample results.  If the RSD is greater than 15%, then linearity through the 
origin cannot be assumed.  The analyst must use a linear calibration curve or 
a non-linear calibration model (e.g., a polynomial equation) for quantitation.   


11.3.4 For a linear calibration curve (y = ax + b), the analyst should not force the line 
through the origin, but leave the intercept calculated. 


 
11.3.4.1 For an acceptable calibration curve, the coefficient of determination 


(COD) must be > 0.995.   
 


11.3.5 If the approaches described above have not met the acceptance criteria, a 
non-linear calibration model may be employed. The quadratic (second order) 
model requires six standards.  


 
11.3.5.1 Y = ax2+bx+c  
 
11.3.5.2 For an acceptable non-linear calibration, the coefficient of the 


determination (COD) must be > 0.995. 
 


11.3.6 Retention Time (RT) Windows 
 


11.3.6.1 Record the retention time of each peak in the peak pattern. 
11.3.6.2 Calculate the mean RT and standard deviation (SD) of each peak 
11.3.6.3 The RT Window for each peak is defined at + 3 times the SD around 


the mean RT. 
11.3.6.4 If the SD of the retention time is 0, a default value of 0.03 minutes 


should be used to define the window.   


11.4 Initial Calibration Verification 
 


11.4.1 Verify each new Initial Calibration using a second source standard at or below 
the midpoint of the curve. 


11.4.2 Agreement with the new curve must be 85-115% of the true value of the 
second source standard. 


11.4.3 If second-order modeling (quadratic) is used in establishment of the initial 
calibration, two verifications must be processed. One at the mid-point of the 
calibration curve, and the other at the upper limit of the calibration curve.  
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11.5 Continuing Calibration Verification 
 
11.5.1 Mid-Level Verification 


 
11.5.1.1 Utilizing a mid-level calibration standard, verify instrument 


calibration prior to any sample analyses, at intervals of not less than 
once every twenty samples, and at the end of the analytical 
sequence. 


11.5.1.2 The calibration factor for each analyte must not exceed a + 15 
percent difference from the mean calibration factor calculated for the 
initial calibration.  If a non-linear model has been employed for the 
initial calibration, % drift must be +15%.  Refer to section 15 for 
calculation of % drift. 


11.5.1.3 If the calibration does not meet the +15% limit, check the instrument 
operating conditions, perform any needed maintenance, and inject 
another aliquot of the calibration verification standard.  If the 
response for the analyte is still not within +15% deviation, a new 
initial calibration must be prepared. 


11.5.1.4 Compare the retention time of each analyte in the calibration 
standard with the retention time window established in Section 
11.3.5.  Each analyte in each standard must fall within its respective 
retention time window.  If not, the gas chromatographic system must 
either be adjusted so that a second analysis of the standard achieves 
acceptance criteria or a new initial calibration must be performed and 
new retention time windows established. 


 
11.5.2 PQL Verification 
 


11.5.2.1 Utilizing a low-level calibration standard, verify instrument sensitivity 
at the Practical Quantitation Limit (PQL). 


11.5.2.2 The PQL verification must fall within 60-140% of the expected value. 
11.5.2.3 If the PQL verification does not meet criteria, check the instrument 


operating conditions, perform any needed maintenance, and process 
a new PQL verification standard. If the second verification does not 
meet criteria, a new initial calibration must be prepared. 


12) Sample Preparation/Analysis 
12.1 Sample Preparation  
 


12.1.1 Water samples are prepared by separatory funnel extraction, method SW846 
3510, HN-EXT-001.  


12.1.2 Soils: 
 
12.1.2.1 Soil samples are extracted by method SW846 3541 (soxtec) HN-


EXT-003. 
12.1.2.2 Alternatively, soil samples can be extracted using SW 3550B 


(ultrasonic) HN-EXT-013. 
 


12.1.3 Wipes: 
 
12.1.3.1 Add 1ml of the PCB/Pest working surrogate standard to the 2 oz 


container holding the wipe sample. 
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12.1.3.2 Add 10 ml of reagent grade (or higher) hexane. 
12.1.3.3 Sonicate for a period of no less than 10 minutes. 
12.1.3.4 Transfer a portion of the hexane to an appropriately labeled 


container and analyze per Section 12.2. 
12.1.3.5 Report PCB content in units of µg/wipe.  
 


12.2 Sample Analysis 
 


12.2.1 Operating Conditions 
 


12.2.1.1  See Section 11, Table 11.1. 


12.3 Qualitative identifications of target analytes are made by examination of the sample 
chromatograms and comparison of sample peak patterns versus the peak patterns 
established from individual standards 


12.4 Quantitative results are determined for each identified Aroclor using the external 
calibration procedure. If the responses in the sample chromatogram exceed the 
calibration range of the system, dilute the extract and reanalyze. 


12.5 Qualitative identifications of target analytes are made by examination of the sample 
chromatograms and comparison of sample peak patterns versus the peak patterns 
established from individual standards 


12.6 Quantitative results are determined for each identified Aroclor using the external 
calibration procedure. If the responses in the sample chromatogram exceed the 
calibration range of the system, dilute the extract and reanalyze. 


12.7 Sample analysis must be bracketed with acceptable calibration verification standards.  
Should a calibration verification standard fail to meet QC criteria, all samples that were 
injected after the last acceptable standard must be re-analyzed. 


12.8 Multi-level standards are highly recommended during the analytical sequence to 
ensure that detector response remains stable over the calibration range.  


12.9 Sample injections may continue for as long as the calibration verification standards 
meet instrument QC requirements.  


12.10 Use the calibration standards analyzed during the sequence to evaluate retention time 
stability.  If any of the standards fall outside their established retention time windows, 
the problem must be corrected and all associated sample extracts re-analyzed.  


12.11 If compound identification or quantitation cannot be completed due to matrix 
interferences (e.g., broad, rounded peaks or ill-defined baselines) cleanup of the 
extract or replacement of the capillary column is warranted. 


12.12 Qualitative identification   


 
12.12.1 Identification of PCBs is based on the agreement of peak pattern, peak pattern 


retention time, and peak area ratios in the sample chromatogram with those 
established through the analysis of standards.  


12.12.2 Tentative identification of an Aroclor peak pattern from a sample extract must 
correlate with the pattern, retention time, and peak area ratios established 
from the respective standard. Tentative identification must be confirmed 
using a second GC column of dissimilar stationary phase.  


12.12.3 When samples are analyzed from a source known to contain specific Aroclors 
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and for which site history is available, the results from a single-column 
analysis may be confirmed on the basis of a clearly recognizable  Aroclor 
pattern.  This approach is not applicable for samples from unknown or 
unfamiliar sources or for samples that appear to contain mixtures of Aroclors. 


12.13  PCB Quantitation (as Aroclor) 


 
12.13.1 The quantitation of PCB Aroclors is accomplished by comparison of the 


sample chromatogram to that of the most similar Aroclor standard. A choice 
must be made as to which Aroclor is most similar to that of the residue and 
whether that standard is truly representative of the PCBs in the sample. 


12.13.2 Aroclor identification must address: 
 


12.13.2.1 Presence of the established peak pattern, 
12.13.2.2 Elution at the established retention time, and 
12.13.2.3 Appropriate peak area ratios. 


 
12.13.3 If matrix interference precludes a positive identification, the extract should be 


processed through additional clean up procedures and/or diluted and re-
analyzed until the criteria specified in 12.13.2.1 through 12.13.2.3 are 
achieved. 


12.13.4 Use the individual Aroclor standards (not the Aroclor 1016/1260 mixture) to 
determine the peak pattern for Aroclors 1221, 1232, 1242, 1248, 1254, 
1262, or 1268.  The patterns for Aroclors 1016 and 1260 will be evident in 
the mixed calibration standards. 


12.13.5 Calculate the amount of Aroclor using the individual calibration factor for 
each of the characteristic peaks.  A concentration is determined using each of 
these characteristic peaks and then averaged to determine the concentration 
of the Aroclor. 
 
12.13.5.1 If matrix interference precludes the use of all peaks in the pattern 


for quantitation, a subset of peaks may be used at the analyst’s 
discretion. 


12.13.5.2 The subset must contain, at a minimum, three representative 
peaks. 


12.13.5.3 Initial calibration parameters must be adjusted accordingly to 
reflect use of the subset. 
 


12.13.6 Weathering of PCBs in the environment and changes resulting from waste 
treatment processes may alter the PCBs to the point that the pattern of a 
specific Aroclor is no longer recognizable. Samples containing more than one 
Aroclor present similar problems.  In such instances, analyst judgment and 
experience must be utilized for the qualitative determination. 


13) Troubleshooting 


13.1 Refer to Agilent 6890/7890 GC hardware manuals for specific technical guidance. 


14) Data Acquisition  


14.1 Instrument operation and data collection utilizes HP ChemStation with Enviroquant 
data acquisition software. 
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14.2 Enviroquant data processing software converts the acquired signal information into 
sample concentrations.  


15) Calculation, and Data Reduction Requirements 
 


15.1 Calibration Factor and Mean Calibration Factor:  
 


15.1.1 nanograms)(in  Injected Compound  theof Mass
Standard in the Compound  theof Height)(or  AreaPeak 


 = CF
 


   


15.1.2 


 


n 


CF 
  =   CF   =   CF Mean  


i 
n 


1 = i 
∑ 


   
 


where: n is the number of standards analyzed.   
 


15.2 Standard Deviation (SD) and RSD:   
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15.3 Calculation of Linear Regression Correlation Coefficient, r  
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Where: 


X = individual values for independent variable 
Y = individual values for dependent variable 
n = number of pairs of data. 
df = n-2 


15.4 Calculation of % difference (using the calibration factors):   
 


15.4.1 % Difference = [(CF - mean CF) x 100] / mean CF  
 
 Where: 


 CF = the calibration factor from the CCV and  
 mean CF = the mean calibration factor from the initial calibration 


15.5 Calculation of % drift (linear and non-linear regression) uses the following formula:   
 


15.5.1 % Drift=  [(Calculated Conc. - Theoretical Conc.) x 100]  
     Theoretical Conc. 
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15.6 Dual Column Confirmation RPD: When results are confirmed using a second GC column 
of dissimilar stationary phase, the analyst evaluates the agreement between the 
quantitative results on both the primary and secondary columns.  If the RPD is > 40%, 
the higher result is reported unless specified otherwise by the project plan.  Calculate 
the relative percent difference of the results using the formula below.   


 
15.6.1 RPD  =   [R


1
-R


2
] * 100 / ((R


1
+R


2
 )/2)   


 
 Where: R


1
 and R


2
 are the results on the two columns. The difference result for 


[R
1
-R


2
] in the equation above is taken as the absolute value of the difference.  


Therefore, the RPD is always a positive. 
 


15.7 Sample Quantitation using External calibration, aqueous samples:  
 


  Concentration (ug/L) = (A
x
)(V


t
)(D) 


      (CF)(V
i
)(V


s
) 


  Where: 
  
 A


x
 = Area (or height of the peak) for the analyte in the sample. 


  V
t
 = Total volume of the concentrated extract (ml). 


 D = Dilution factor (if sample/extract was diluted prior to analysis)   
 CF = Mean calibration factor from the initial calibration (area/ng).  
 V


i
 = Volume of the extract injected (ml).  


 V
s
 = Volume of the aqueous sample extracted in L.  


 


15.8 Sample Quantitation using External calibration, solid samples:  
 


  Concentration (ug/kg) = (A
x
)(V


t
)(D) 


      (CF)(V
i
)(W


s
) 


  Where: 
  
 A


x
 = Area (or height of the peak) for the analyte in the sample. 


  V
t
 = Total volume of the concentrated extract (ml). 


 D = Dilution factor (if sample/extract was diluted prior to analysis)   
 CF = Mean calibration factor from the initial calibration (area/ng).  
 V


i
 = Volume of the extract injected (ml).  


 W
s
 = Weight of sample extracted in kg. 


  


15.9 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations:  
15.9.1 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 
 


( )
100


SA
SRSSR


R% ×
−


=
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15.9.2 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.9.3 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 
16.1 Initial Calibration:  
 


16.1.1 Frequency: A new curve must be generated when the ICV or CCV criteria are 
not met, after major instrument maintenance, or changes in operating 
conditions 


16.1.2 Acceptance Criteria: 
  


16.1.2.1 Curve must contain 5 points minimally for the 1016/1260 
standard. 


16.1.2.2 The mean RSD must be < 15%, or  
16.1.2.3 Establish calibration by least squares regression, or 


 
16.1.2.3.1 COD must > 0.995. 


 
16.1.2.4 Establish calibration by quadratic (second order) model 


 
16.1.2.4.1 Six standards minimally must be used, and 
16.1.2.4.2 Coefficient of determination (COD) must be > 0.995. 


  
16.1.3 Curve Failure Corrective Action: 


  
16.1.3.1 Verify standard integrity, perform any necessary instrument 


maintenance, and repeat calibration process. 
16.1.3.2 All samples associated with a failed initial calibration curve must be 


reanalyzed prior to reporting.  If reanalysis cannot be completed, all 
associated sample results must be flagged as “unusable” and 
narrated. 


16.2 Initial Calibration Verification (ICV):  
 


16.2.1 Perform evaluation each time a new curve is generated.  
 
16.2.1.1 A mid-level ICV must be analyzed   


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


( )
100


SA


SSR
R% ×=
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16.2.1.2 A high-level ICV must be analyzed if second order modeling was 
  used in establishment of the initial calibration curve.  
 


16.2.2 Verification must be completed using a second source standard.  
16.2.3 Agreement between the curve and the ICV results must meet accuracy 


performance criteria as outlined in section 11.4. 
16.2.4 If either ICV fails to achieve acceptance criteria, evaluate standard integrity 


and/or perform any needed system maintenance. If a subsequent ICV analysis 
cannot achieve acceptance criteria, prepare new standards and/or generate 
new curve.  


16.3 Continuing Calibration Verification (PQL & CCV):  
 


16.3.1 A low-level (PQL verification) standard must be analyzed at the beginning each 
daily sequence. 


16.3.2 A CCV must be analyzed at the beginning of each daily sequence, minimally 
after every 20 samples, and at the end of the sequence. 


16.3.3 All analytes must meet accuracy performance criteria as outlined in section 
11.5. 


16.3.4 If the calibration does not meet the criteria, perform any necessary 
maintenance and re-analyze the standard.  If the subsequent PQL or CCV fails 
to achieve acceptance criteria, prepare a new calibration curve.  


16.3.5 All samples associated with a failed PQL or CCV must be reanalyzed prior to 
reporting.  If reanalysis cannot be completed, all associated sample results 
must be flagged as “estimated” and narrated. 


16.4 Retention Time (RT) Window: 
 


16.4.1 Calculate new RT windows with each new curve. 
16.4.2 The RT window must be set at +3 times the SD relative to the mean RT for 


each analyte.  
16.4.3 Peak patterns for standards and QC samples must fall within the documented 


RT window. (For field samples, analyst judgment may be substituted in 
situations involving chromatographic matrix interference.) 


16.4.4 If RT acceptance criteria are not achieved, perform any necessary instrument 
maintenance and repeat the analysis.  If the subsequent analysis fails to 
achieve acceptance criteria, perform a new initial calibration and establish 
updated RT windows. 


16.5 Method Blank: 
 


16.5.1 A method blank must be processed at a frequency of one per analytical batch 
of 20 or less samples.  If the method blank indicates contamination, process 
an instrument blank to document instrument cleanliness. 


16.5.2 Analytes of interest should be less than ½ the MQL and must be less than the 
MQL. 


 
16.5.2.1 Other approved QA program requirements must be followed when 


the acceptable blank contamination specified in the approved 
quality assurance project plan differs from the above. 
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16.5.2.2 If blank contamination is present, the blank may be considered 
valid if the analytes of interest are less than 5% of the regulatory 
limit associated with an analyte or analytes of interest are less than 
5% of the sample result for the same analyte, whichever is greater.  


 
16.5.3 If the method blank results do not meet acceptance criteria, the 


contamination source(s) must be eliminated and all associated samples re-
extracted. If samples cannot be re-extracted because of insufficient sample or 
other similar circumstances, a corrective action report must be initiated and 
issued to project management and to QA. The CAR must be detailed enough 
for preparation of the project narrative, and all appropriate data flags must be 
entered into the LIMS for the final report preparation. Data reported with an 
associated contaminated method blank must be flagged with a “B”.  


16.6 Laboratory Control Sample (LCS):  
 


16.6.1 The LCS must be processed with each batch of 20 or less samples utilizing a 
clean matrix. 


16.6.2 LCS recovery must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.6.3 If the LCS recoveries for the compounds of interest do not meet acceptance 
criteria, the sample batch must be re-extracted. If reprocessing it is not 
possible due to lack of sample or expired hold time, report (narrate) the 
variance to the client and flag the associated data as “estimated”.  


16.7 Matrix Spike/Matrix Spike Duplicate (MS/MSD)  
 


16.7.1 Samples should be spiked with the Aroclor 1016/1260 mixture.   
16.7.2 The MS/MSD should be processed:  


 
16.7.2.1 With each batch of 20 samples or less (assuming sufficient sample 


volume) if project criteria requires SW846-8082 
 


16.7.3 MS/MSD recovery must meet accuracy and precision performance criteria as 
outlined in the applicable LIMS test code. 


16.7.4 If the MS/MSD recoveries are outside acceptance criteria, the deviation may be 
related to matrix effects. In such instances, the LCS and surrogate recoveries 
must be carefully evaluated to determine if matrix interference is present or if 
method performance is poor. (Note that the MS/MSD are used to evaluate the 
matrix effect, not to control the analytical process.)  If matrix interference is 
suspected, re-extraction is not necessary.  If systemic error is suspected, all 
associated samples must be re-extracted.  


16.8 Surrogates 
 


16.8.1 Surrogates must be added to all sample. The recoveries must be evaluated for 
all samples and QC samples. 


16.8.2 Surrogate recovery for interference free matrices (MB/LCS) must fall within 
50% - 130% for waters and 40%-140% for soils.  Surrogate recovery for field 
samples should fall within 40% - 140% for both waters and soils.  


16.8.3 If the surrogate recoveries do not meet acceptance criteria: 
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16.8.3.1 Check for possible errors in the calculations or surrogate solutions. 
If errors are found, recalculate the data accordingly. 


16.8.3.2 Examine chromatograms for interfering peaks and proper 
integration. 


16.8.3.3 If no instrument problem is found, the sample should be re-
extracted and re-analyzed. If, upon re-analysis, the recovery is not 
within limits, report the data as an "estimated concentration." If the 
recovery is within the limits in the re-analysis, provide the re-
analysis data to the data user. 


16.8.3.4 If the holding time for the method has expired prior to the re-
analysis, provide both the original and re-analysis results to the 
data user, and note the holding time problem.  


16.9 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
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narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed.  


20) Summary of Changes 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R05 9/1/12 CES Formatting 
R06 2/1/13 DWD Addition of Wipe Procedure 
R07 10/15/13 DWD/CES Formatting;  Addition of SW-8082A Criteria  


21) References and Related Documents 


21.1 Table 21.1 - MDL/MQL 


21.2 Table 21.2 - LCS Acceptance Criteria 


21.3 Table 21.3 - MS/MSD Acceptance Criteria 


21.4 Table 21.4 - QA Criteria Summary 


21.5 U.S. Environmental Protection Agency, “Method 8082 Polychlorinated Biphenyls by Gas 
Chromatography”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update III, June 13, 1997.  


21.6 U.S. Environmental Protection Agency, “Method 8082A Polychlorinated Biphenyls by 
Gas Chromatography”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update IV, 2000.  


21.7 U.S. Environmental Protection Agency, “Method 8000C Determinative Chromatographic 
Separations”, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
Revision 3, March 2003. 


21.8 ALS Environmental Quality Assurance Manual, Revision (most current) 
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Table 21.1  - Current Aroclor  MDLs and MQLs,  at time of SOP revision.  MDLs are determined annually 
and subject to change. 
Analyte - water matrix MDL MQL Analyte - solid/soil matrix MDL MQL 
 µg/L µg/L  µg/Kg µg/Kg 
Aroclor 1016 0.133 0.20 Aroclor 1016 35.59 40.0 
Aroclor 1221 0.133 0.20 Aroclor 1221 35.59 40.0 
Aroclor 1032 0.133 0.20 Aroclor 1032 35.59 40.0 
Aroclor 1242 0.133 0.20 Aroclor 1242 35.59 40.0 
Aroclor 1248 0.133 0.20 Aroclor 1248 35.59 40.0 
Aroclor 1254 0.025 0.20 Aroclor 1254 11.16 40.0 
Aroclor 1260 0.025 0.20 Aroclor 1260 11.16 40.0 
      
Table 21.2   - SW-8082/8082A LCS Recovery Limits. 
Analyte - Water Matrix Low High Analyte - Soil Matrix Low High 
Aroclor 1016 50 130 Aroclor 1016 50  130 


Aroclor 1260 50 130 Aroclor 1260 50  130 


Decachlorobiphenyl 40 110 Decachlorobiphenyl 40  140 


Tetrachloro-m-xylene  40 110 Tetrachloro-m-xylene  45  124 


      


Table 21.3  -  SW-8082/8082A MS/MSD Recovery Limits. 
Analyte - Water Matrix Low High RPD Analyte - Soil Matrix Low High RPD 
Aroclor 1016  40 140   50 Aroclor 1016  40 140  50  


Aroclor 1260  40 140  50 Aroclor 1260  40 140  50 


Decachlorobiphenyl  40 110  50 Decachlorobiphenyl  40 140  50 


Tetrachloro-m-xylene   40 110  50 Tetrachloro-m-xylene   45 124  50 
 
 


Table 21.4 - Summary of Calibration and QC Procedures for Method SW8082  
 QC Check  Minimum 


Frequency 
 Acceptance Criteria  Corrective Action 


 Eight-point initial 
calibration. 


 Initial calibration 
prior to sample 
analysis. 


 Linear - mean RSD for all 
analytes <15%;  or  Linear - 
least squares regression  r > 
0.995 (six points required) 


Correct problem then 
repeat initial calibration.    


Initial calibration 
verification for PCB 
1016/1260 mix. 


 Once per five-
point initial 
calibration. 
Required second 
source standard. 


 Mix within ± 15 % of 
expected value. 


Correct problem then 
repeat initial calibration. 


Retention time 
window calculated 
for PCB 1016/1260 
mix. 


 Each initial 
calibration and 
calibration 
verifications. 


 ± 3 times standard 
deviation for each analyte 
relative to mean RT 


Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check. 
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PQL verification for 
PCB 1016/1260 mix. 


Daily before 
sample analysis 


Analytes within 40% of 
expected value 


Correct problem then 
repeat or perform new 
initial calibration 


Continuing 
calibration 
verification for PCB 
1016/1260 mix. 


 Daily, before 
sample analysis, 
after every 20 
samples, and end 
of sequence. 


 All analytes within ±15% 
of expected value. 


Correct problem then 
repeat or perform new 
initial calibration. 


 Demonstrate ability 
to generate 
acceptable accuracy 
and precision using 
four replicate LCS.  


 Once per analyst.  QC acceptance criteria, 
Table 20.2. 


Recalculate results; locate 
and fix problem and then 
rerun demonstration for 
those analytes that did not 
meet criteria. 


 Method blank.  One per analytical 
batch. 


 No analytes detected    
>MDL. 


Flag all associated 
samples 


 LCS (1016/1260 
mix). 


 One LCS per 
analytical batch. 


 QC acceptance criteria, 
Table 20.2. 


 Correct problem. Re-
prep & analyze all 
associated samples. 


 Surrogate spike.  All samples  QC acceptance criteria, 
Table 20.2 & 20.3. 


 Method 8000, Section 
8.6 Requirements.  
Describe in Checklist. 


 MS/MSD 
(1016/1260 mix). 


One MS/MSD per 
every 20 project 
samples per matrix. 


 QC acceptance criteria, 
Table 20.3. 


 Describe in Laboratory 
Review Checklist. 


 MDL study. Once per 12 month 
period. 


Detection limits established 
in accordance with 
Wisconsin guidelines 


 None. 
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PH MEASUREMENT 


1) Scope and Appl icabi l i ty 


1.1 This SOP provides guidance in the pH measurement of aqueous and sol id samples. 


1.2 The sensit ivi ty l imit for this method is 0.10 pH units. 


2) Summary of Procedure 


2.1 The pH probe is immersed in an al iquot of the sample or the sample extract and the 
result ing pH measured. 


2.2 Meters ut i l ize automatic temperature compensat ion (ATC) to correct for temperature 
variat ions in the sample. 


2.3 This SOP is based upon and compl iant with EPA 150.1 , SM 4500H-B, SW846-9040C, 
SW846-9045D and SW846-9041-WST. 


3) Definit ions 


3.1 Dl = ASTM Type II laboratory dist i l led water. 


3.2 Laboratory Cont ro l Sample (LCS): An analyte-free matr ix spiked with known 
concentrat ions of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.3 Sample Dupl icate: A separate al iquot of sample, analyzed under the same analytical 
condi t ions as the parent sample, used to demonstrate the repeatabil i ty of the analysis. 


3.4 Matr ix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest. 


3.5 Batch: A group of 20 or less field samples processed dur ing the same analytical per iod 
(8 hours). Each analytical batch must contain at a m in imum a lab control sample, and a 
sample dupl icate. 


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all t imes while in the laboratory. In addi t ion, gloves 
and a face shield should be worn when deal ing with toxic, caust ic, and /o r f lammable 
chemicals. 


4.2 Chemica l Hygiene: The toxic i ty or carcinogenici ty of each reagent used has not been 
precisely def ined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulat ions regarding 
the safe handl ing of the chemicals specif ied in this method, A reference file of data 
handl ing sheets (MSDS) is available to all personnel involved in these analyses. 


4.3 Waste Management : The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibi l i ty to comply with 
all federal , state, and local regulat ions governing waste management by min imiz ing 
and contro l l ing all releases from fume hoods and bench operat ions. Compl iance with 
all sewage discharge permits and regulat ions is required. Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be fo l lowed. 


4.4 Pollut ion Prevent ion: The materials used in this method pose little threat to the 
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environment when recycled and managed properly. The quantit ies of chemicals 
purchased should be based on the expected usage dur ing its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to min imize 
the volume of expired standards or reagents to be d isposed. 


5) Cautions 


5.1 Be knowledgeable of the MSDS informat ion for each chemical used in the procedure. 


6) Interferences 


6.1 Oily or particulate matter adher ing to the electrode and reducing the response may 
cause interferences. Gently wip ing or r insing the probe with Dl water will usually 
correct this problem. 


6.2 Samples with very low or very high pH may give incorrect readings. The use of a low-
sodium electrode can min imize the error induced by extremely basic samples (pH 
>1 0). Readings outside the cal ibrat ion range shou ld be narrated to possib le bias if no 
such probe is ut i l ized. 


6.3 Temperature effects caused by shifts in ionic equi l ibr ium of the sample are el iminated 
through the use of a meter contain ing a temperature compensator . 


7) Personnel Qualif ications and Responsibi l i t ies 


7.1 General Responsibi l i t ies - This method is restricted to use by or under the supervis ion 
of analysts exper ienced in the method. 


7.2 Analyst - It is the responsibi l i ty of the analyst(s) to: 


7.2.1 Read and understand this SOP and fo l low it as written. Any deviat ions or non
conformances must be documented and submit ted to the QA Manager for 
approval . 


7.2.2 Produce method compl iant data that meets all quality requirements using this 
procedure and the Data Reduct ion, Review and Val idat ion SOP (HN-QS-009). 


7.2.3 Comple te the required initial demonstrat ion of prof iciency before per forming 
this procedure without superv is ion. 


7.2.4 Comple te an ongoing demonstrat ion of prof ic iency annual ly when cont inuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibi l i ty of the section supervisor to: 


7.3.1 Ensure that all analysts have the technical abil i ty and have received adequate 
training required to perform this procedure, 


7.3.2 Ensure analysts have completed the required initial demonstrat ion of 
prof ic iency before per forming this procedure without superv is ion. 


7.3.3 Ensure analysts complete an ongoing demonstrat ion of prof ic iency annual ly 
when cont inuing to perform the procedure. 


7.3.4 Ensure analysts produce method compl iant data that meet all quali ty 
requirements using this procedure and the Data Reduct ion, Review and 
Val idat ion SOP. 


7.4 Project Manager - It is the responsibi l i ty of the Project Manager to ensure that all 
method requirements for a client request ing this procedure are understood by the 
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laboratory prior to init iating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


7.5.1 Approv ing deviat ions and non-conformances 
7.5.2 Ensur ing that this procedure is compl iant with method and regulatory 


requirements, and 
7.5.3 Ensuring that the analytical method and SOP are fo l lowed as written through 


internal method and system audits. 


8) Sample Col lect ion, Handl ing, and Preservation 


8.1 Sample col lect ion bottles - Plastic or glass, approx imate ly 250 ml. These are 
purchased by the laboratory and meet EPA speci f icat ions for sample containers. 


8.2 Preserve the samples with refr igeration at 4 + 2 °C f rom the t ime of col lect ion until 
analysis. 


8.3 Samples should be analyzed in the f ield within 1 5 minutes of col lect ion, whenever 
possible. 


8.4 When samples are analyzed past holding t ime in the laboratory, they must be 
designated as such and appropriately narrated. 


9) Equipment and Supplies 


9.1 pH meter - VWR Symphony Model SB70P (or equivalent) 


9.2 pH electrode - Glass combinat ion w / A T C connect ion (Oakton 35811-74 or equivalent) 


9.3 Disposable plast ic cups 


9.4 Balance capable of weighing accurately to the nearest 0.01 g 


9.5 Stir bars 


1 0) Standards and Reagents 


10.1 Reagent water, Type II 


10.2 Initial cal ibrat ion buffers 2.00, 4 .00, and 1 0.00 (available through commercia l 
vendors). 


1 0.3 Secondary s tandard buffer 7.00 (available through commerc ia l vendors). 


1 0.4 Potassium chlor ide (KCI) - reagent grade or higher 


1 0.5 Probe Storage Solut ion, 3.5M KCI 


1 0.5.1 Dissolve 52.1 9 g KCI (Section 1 0.4) into 200 ml of reagent water. 
1 0.5.2 Alternat ively, add 1 g KCI to 200ml pH 4 buffer for probe storage. 
1 0.5.3 Change this solut ion weekly. 


1 0.6 Potassium hydrogen phthalate (KHP), reagent grade or higher 


10.7 KHP Solution - 0 .05M 


1 0.7.1 Add 1 0.1 2g of dry KHP to approximately 500 ml of Dl water. 
10.7.2 Bring to final vo lume of 1 L 
1 0.7.3 Transfer to an appropriately labeled bottle. 
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10.7.4 This solut ion is stable for 1 month or until degradat ion is noted. The 
expirat ion may not exceed that of its parent. 


11) Method Calibrat ion 


11.1 Meter Cal ibrat ion 


11.1.1 Establish meter cal ibrat ion using buffers 2.00, 4 .00 , and 1 0.00. 
11.1.2 Ensure the pH probe fill hole is open to atmospher ic pressure if using a 


refi l lable probe. 
11.1.3 Immerse the electrode in the 2.00 buffer solut ion and press the "CAL" button. 
11.1.4 The meter will accept the reading as soon as the measurement is stable. 
11.1.5 Rinse the electrode with reagent water and press the "CAL" button and repeat 


using the 4.00 buffer so lut ion. 
11.1.6 Rinse the electrode with reagent water and press the "CAL" button and repeat 


using the 1 0.00 buffer so lut ion. 
11.1.7 Press the "MEAS" button when the reading is stable. The slope will then flash 


on the screen. Record the slope in the pH logbook. 


11.1.7.1 Slope must fall between 92-1 02%. 
11.1.7.2 If outside criteria, repeat the cal ibrat ion process. 


11.1.8 After cal ibrat ion is complete, a secondary standard 7.00 buffer must be used 
as the initial check standard. Acceptance cri teria are a pH of 6.9 - 7 . 1 . If the 
check standard fai ls, the meter must be recal ibrated. 


11.1.9 Perform a secondary check (or LCS) with the KHP solut ion (Section 1 0.7). 
11.1.10 Record the buffer BPL identif iers in the associated bench logbook. 


11.2 The pH meter must be cal ibrated daily and veri f ied (or re-calibrated) after every twenty 
(20) samples. 


12) Sample Preparat ion/Analysis 


12.1 Lab Control Sample 


12.1.1 Determine the pH of an al iquot of the 0 .05M KHP solut ion and report as the 
LCS. 


1 2.2 Sample Preparation (solid samples): 


12.2.1 Thoroughly homogen ize an al iquot of sample large enough for the analysis. 
1 2.2.2 Prepare a 1:1 reagent water extract by weigh ing 20g of homogen ized sample 


and adding 20 ml of reagent water. 
1 2.2.3 Record amount of sol id used in the LIMS prep batch. Change the final volume 


to maintain the 1:1 proport ion of sol id:water accordingly. 
1 2.2.4 Stir the sample cont inuously for five minutes on a stir plate with a stir bar. 
12.2.5 Let the soil suspension sample stand for 1 hour to settle out the suspended 


particles. Alternatively, the sample may be f i l tered with the filtrate retained 
for analysis. 


1 2.2.6 Cont inue with sect ion 1 2.3.2 of Sample Analys is . 


12.3 Sample Analysis: 


12.3.1 Apply cont inual gentle mix ing to the aqueous sample throughout the 
measurement. 
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1 2.3.2 Ensure the pH probe fill hole is open to atmospher ic pressure if using a 
refi l lable probe 


12.3.3 Immerse the electrode in an al iquot of the sample. For soi ls, make sure the 
probe is in the water co lumn and is not in contact with the sediment layer. 


1 2.3.4 Determine the sample pH. The meter will f reeze the reading as soon as the 
measurement is stable. 


1 2.3.5 Record the pH value directly f rom the meter. 
1 2.3.6 Rinse the electrode with reagent water. 
1 2.3.7 For aqueous samples, repeat the measurement on a successive al iquot of 


sample. Repeat this procedure until sample values dif fer by <0.1 pH units. 
12.3.8 If a sample cannot be read on the meter, the unit will f lash "9999" . If this 


occurs, use pH paper to gain an approximate pH value. The use of pH paper 
is also recommended when the values bounce around and do not demonstrate 
consistency. 


12.4 Probe Storage 


1 2.4.1 When not in use, ensure the probe fill hole is covered with the suppl ied 
sleeve. 


1 2.4.2 Store the probe in pH electrode storage solut ion (1 0.5). 


13) Troubleshoot ing 


13.1 Refer to pH meter technical manual . 


14) Data Acquisi t ion 


14.1 Al l data must be recorded in the pH logbook. Batch header informat ion must be fi l led 
out completely. 


14.2 Aqueous samples should be qual i f ied in the LIMS batch with the "SR01" qualif ier in 
order to indicate potential bias due to the hold t ime deviat ion. 


14.3 Samples with a pH > 1 0 should be qual i f ied in the LIMS batch as to potential bias if a 
low-sodium electrode is not used in the measurement process. 


1 5) Calculat ion, and Data Reduction Requirements 


1 5.1 Temperature correct ion is appl ied automatical ly by the pH meter. Results are 
automatical ly corrected to 25°C. 


16) Quality Contro l , Acceptance Criteria and Corrective Act ion 


16.1 Lab Control Samples 


16.1.1 Frequency 


16.1.1.1 Analyze a LCS with each analytical batch of 20 or fewer samples. 


16.1.2 Acceptance 


1 6.1.2.1 The analyzed concentrat ion of the LCS must be wi th in +_1 0% of the 
value documented in the appl icable LIMS test code. 


16.1.3 Corrective Act ion 


Uncontrolled Document







pH Measurement 


STANDARD OPERATING PROCEDURE r « W C " 0 0


n


9


f t f n „ 3 


Effective: 09/1 5/201 3 
Page 6 of 8 


1 6.1.3.1 Determine and correct the source of the deviat ion. 
1 6.1.3.2 Al l samples associated with a fai led LCS must be re-analyzed. 


1 6.2 Sample Dupl icate (Aqueous Analyses) 


16.2.1 Frequency 


16.2.1.1 The dupl icate result for each aqueous sample is accompl ished 
through the successive reading of an addi t ional aliquot(s) of parent 
sample. 


16.2.1.2 A dupl icate result must be reported at a 1 0% f requency of analysis. 


16.2.2 Acceptance 


16.2.2.1 The dupl icate must be within+0.1 pH units from the parent 
analysis. 


16.2.3 Correct ive Act ion 


16.2.3.1 Cont inue to analyze successive al iquots until the+0.1 pH unit 
criteria is achieved. 


1 6.2.3.2 If stabi l izat ion does not occur within the analysis of 3 subsequent 
al iquots, narrate as to potential bias due to analytical drift. 


16.3 Sample Dupl icate (Solid Analyses) 


16.3.1 Frequency 


16.3.1.1 The dupl icate result for each sol id sample is accompl ished through 
the extract ion and analysis of an addi t ional al iquot of parent 
sample. 


1 6.3.1.2 A dupl icate result must be reported at a 1 0% f requency of analysis. 


16.3.2 Acceptance 


1 6.3.2.1 The dupl icate must be within +0.5 pH units from the parent 
analysis. 


16.3.3 Correct ive Act ion 


16.3.3.1 Narrate as to potent ial bias due to improper sample 
homogeniza t ion . 


16.4 Deviat ions and non-conforming events must be documented using a Nonconformance 
Correct ive Act ion Report (NCAR) or as an Except ion Report item on the laboratory 
review checkl ist . For mandatory Q C fai lures (e.g. LCS), the NCAR must be submi t ted to 
the QA Manager via the NCAR database. 


1 7) Data Records Management 


1 7.1 Al l data is stored both electronical ly and hard copy for 7 years. 


1 7.2 Al l analytical sequence IDs and standard preparation informat ion must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and init ialed by the analyst (electronic initials are acceptable). To 
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17.3 


17.4 


17.5 


s impl i fy standard t rack ing, 
standards with each batch. 


analyst must attempt to use one lot of reagents and 


Complete all pert inent sect ions in the respective logbooks. If not-appl icable then line 
out the sect ion. "Z" out or "X" out all large sect ions of the worksheet that are not used. 
Make all correct ions with single line through, date and init ial. Make NO obl i terat ions 
when manual ly recording data. 


Logbooks are contro l led. Never remove a page from a logbook. Comple ted logbooks 
are returned to the QA department when fi l led and no longer needed in the work area. 


The effective date of this SOP is the date in the header or last s ignature date, 
whichever is most recent 


18) Cont ingencies for Handl ing Out of Control Data 


1 8.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possib le. 


1 8.2 When affected sample analysis can not be repeated due to l imitat ions (i.e. sample 
availabil i ty, or if reanalysis can only be per formed after expirat ion of a sample hold 
time), the report ing of data associated with exceeded QC data must be appropr iately 
f lagged and narrated. This documentat ion is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate). 


1 8.3 Al l analysts must report suff icient comments in laboratory data review checkl ist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data quali f iers (flags) are properly assigned to the reported data. 


1 8.4 NCARs must be issued for QC system exceedances. Matr ix interferences are reported 
using the analyte report ing comment sect ion in LIMS or using the Laboratory Data 
review checkl ist. 


1 8.5 Logbooks must be reviewed by the department supervisor monthly. 


1 8.6 Logbooks must be reviewed by the QA staff quarterly. 


Method Performance 


1 9.1 Initial Demonstrat ion of Proficiency- Each analyst must perform an initial 
demonstrat ion of prof ic iency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall wi thin LCS criteria. The precision component must be less than 
20% for dupl icate RPD data. 


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at min imum) 
or whenever major modif icat ions are per formed. 


1 9.3 Method performance must be verif ied every six months through part ic ipat ion in 
performance evaluation studies. 


20) Summary of Changes 


19) 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Descr ipt ion of Changes 


R05 8 / 1 5 / 1 3 CES Formatt ing & Procedural changes in response to 
external audit f indings. 
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R06 9/1 5/1 3 CES Updated KHP solut ion prep and cal ibrat ion 
procedure to include 4.00 point. 
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21.4 ALS Environmental Quali ty Assurance Manual Revision (current version) 
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1 .1 This SOP is applicable to the determination of mercury in solid matrices. 


1.2 This SOP is based upon and compliant with methods SW-846 7471 A/B. 


1.3 The reporting limit for this method is outlined in the LIMS test code. 


2) Summary of Procedure 


2.1 Prior to analysis, a sample aliquot is prepared according to the digestion procedure 
described in this method. 


2.2 After preparation, the Cetac M-61 OOA Mercury Analyzer is utilized to determine 
mercury concentration. 


2.2.1 The M-61 OOA Mercury Analyzer is specifically designed to measure trace 
levels of mercury in aqueous solution by Cold Vapor Atomic Absorption 
Spectrometry (CVAAS). The M-61 OOA incorporates a 4-channel peristaltic 
pump, Stannous Chloride Reactor (SRCC), a Gas-Liquid Separator (GLS), a 
Nafion dryer, long-path (220mm) sample and reference double-beam 
absorbance cells, a stabilized Hg vapor lamp, dual high performance silicon 
detectors, internal A/D (Analog-to-Digital) conversion, high-rate data 
sampling, on-board DSP (Digital Signal Processing), and the ASX-51 0 Auto 
Sampler to form an automated, integrated s~mpling and analysis system. 


3) Definitions 


3.1 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest. 


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix. 


3.4 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix. 


3.5 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process. 


3.6 Standard Curve: A plot of concentrations of known analyte standards versus the 
instrument response to the analyte. Calibration standards are prepared by successively 
diluting a standard solution to produce working standards that cover the working 
range of the instrument. Standards are prepared at the frequency specified in the 
calibration section of the method. Calibration standards are prepared using the same 
type of acid or solvent and at the same concentration as will result in the samples 
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following sample preparation. This is applicable to organic and inorganic chemical 
analyses. 


Preparation Batch: A group of 20 or less client samples processed together under the 
same conditions, within an 8 hour working shift. 


Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL). 


Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 1 36, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes. 


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory. In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals. 


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses. 


4.3 Waste Management: The principal wastes generated by this procedure are the method
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required. Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed. 


5) Cautions 


5.1 Mercury is a known health hazard and can be readily absorbed via the respiratory tract 
in both elemental vapor and mercury compound dusts. All work must be completed 
under proper ventilation, utilizing appropriate personal protective equipment. 


5.2 This procedure utilizes strong acids and oxidizers. Appropriate personal protective 
equipment shall be used. 


6) Interferences 
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Potassium permanganate is added to eliminate possible interference from sulfide. 


Certain volatile organic materials that absorb at this wavelength may also cause 
interference. A preliminary run without reagents should determine if this type of 
interference is present. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities- This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst- It is the responsibility of the analyst(s) to: 


7.2.1 Each must read and understand this SOP and follow it as written. Any 
deviations or non-conformances must be documented and submitted to the 
QA Manager for approval. 


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009). 


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor- It is the responsibility of the section supervisor to: 


7.3.1 Ensure that all analysts have the technical ability and have received adequate 
training required to perform this procedure. 


7.3.2 Ensure analysts have completed the required initial demonstration of 
proficiency before performing this procedure without supervision. 


7.3 .3 Ensure analysts complete an ongoing demonstration of proficiency annually 
when continuing to perform the procedure. 


7.3.4 Ensure analysts produce method compliant data that meet all quality 
requirements using this procedure and the Data Reduction, Review and 
Validation SOP. 


7.4 Project Manager- It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


7. 5.1 Approving deviations and non-conformances 
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements, 
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Solid samples are collected in 8 oz. glass containers and stored at 4°C. 


8.2 The holding time is 28 days 
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9.3 Hotblock (or hotplate) unit, capable of maintaining a temperature of 90-95°C. 


9.4 Adjustable pipets, 0.1 - 1.0 ml and 0.5- 5.0 ml 


9.5 70 ml digestion cups 


9.6 Teflon chips (mercury free) 


1 0) Standards and Reagents 


1 0.1 ASTM Type II water (DI). 


10.2 Sulfuric acid (H
2
SO), concentrated (36N), ACS grade. 


10.3 Hydrochloric acid (HCI), concentrated, Trace Metals grade 


1 0.4 Nitric acid (HNO), concentrated, Trace Metals grade 


10.5 Stannous chloride, reagent grade or higher 


10.6 Stannous chloride, 10% 


1 0.6.1 Add 1 OOg stannous chloride and 50ml concentrated H
2
S0


4 
to approximately 


300ml Dl water 
1 0.6.2 Bring to a final volume of 1 OOOml with Dl water. 
1 0.6.3 This solution should be clear, not cloudy or yellow. If cloudiness or yellowing 


occur, re-prepare 
1 0.6.4 Solution is good for 1 week if kept from reacting with open air. 


1 0. 7 Sodium chloride, reagent grade or higher 


1 0.8 Hydroxylamine hydrochloride, reagent grade or higher 


1 0.9 Sodium chloride-hydroxylamine hydrochloride solution: 


1 0.9.1 Dissolve 1 20g of sodium chloride and 120g of hydroxylamine hydrochloride 
in approximately 700ml of Dl water. 


1 0.9.2 Bring to a final volume of 1 OOOml. 


1 0.1 0 Potassium permanganate - mercury analysis grade 


1 0.11 Potassium permanganate 5% solution (w/v) 


10.11 .1 Dissolve 1 2 5 g of mercury free potassium permanganate in approximately 
700ml of Dl water 


10.11 .2 Bring to a final volume of 2 500ml with Dl water 
10.11 .3 Ample stirring will be required to solubilize the KMn04 


1 0.1 2 Potassium persulfate, reagent grade or higher 


10.13 Potassium persulfate 5% solution (w/v) 


10.13.1 Dissolve 50g potassium persulfate in approximately 500ml of Dl water 
(heating and stirring may be needed to aid in dissolution.) 


10.1 3.2 Bring to a final volume of 1 OOOml with Dl water 


1 0.14 Aqua Regia 
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1 0.14.2 Carefully add 1 part Nitric Acid (1 0.4) to 3 parts Hydrochloric Acid (1 0.3) 
1 0.14.3 Estimate the amount needed to be prepared based on the number of samples 


to be processed. Always maintain the 1 :3 HN03 :HCI ratio. 
10.14.4 Discard any portion of aqua regia not utilized via the acid waste stream. 


10.1 5 Stock Mercury Calibration Standard, 1000 ug/ml- purchase as certified standard 


1 0.16 Intermediate Hg Calibration Standard, 1 0.0 ug/ml 


10.16.1 Pipet 1 .0 ml of 1000 ug/ml Stock Mercury Standard into a 1 OOml volumetric 
flask containing ,..., 50ml acidified Dl water and dilute to volume. 


1 0.16.2 Transfer to a clean appropriately labeled container. 
1 0.16.3 Prepare every six months or if degradation is noted. The expiration date 


must not exceed that of the parent stock. 


1 0.1 7 Working Hg Calibration Standard, 0.1 ug/ml 


1 0.1 7.1 Pipet 1 .0 ml of 1 0.0 ug/ml Intermediate Hg Cal Standard (1 0.16) into a 1 00 
ml volumetric flask containing ,..., 50ml acidified Dl water 


10.17.2 Bring to volume. 
10.1 7.3 Prepare fresh weekly. 


1 0.1 8 Stock Mercury Calibration Verification Standard, 1 000 ug/ml - purchase as certified 
standard, from a second source supplier 


1 0.1 8.1 Working Hg Calibration Verification Standard @ 0.1 ug/ml: Using the stock 
second source standard, follow the procedures established in Section 10.16 
and 1 0.17. 


1 0.1 9 Mercury Initial Calibration Verification Standard (ICV) @ 2 .Oug/L: 


10.19.1 Prepare the under the same conditions as the 2.0ug/L calibration point in 
Table 11 .1 utilizing the the Working Calibration Verification Standard 
(1 0.1 8.1). 


1 0.20 Mercury Continuing Calibration Verification Standard (also called Instrument 
Performance Check or IPC)@ 2.0 ug/L: 


1 0.20.1 Dilute 1 ml of the Working Calibration Standard (1 0.1 7) to 50 ml with Dl 
water. 


1 0.21 Mercury Low-Level Continuing Calibration Verification Standard (CRDL) @ 0.2 ug/L 


10.21 .1 Dilute 100 uL of the Working Calibration Standard (1 0.1 7) to 50 ml with Dl 
water. 


10.22 Mercury LCS@ 2.0 ug/L: 


10.22.1 Place ..... o.600g Teflon chips in a 70 ml digestion cup along with 5ml Dl water, 
and spike with 1 .0 ml of the 0.1 ug/ml Working Calibration Standard (Section 
1 0.1 7). 


10.23 Mercury MS/MSD@ 2.0 ug/L: 


10.23.1 Place ..... o.600g of sample in a 70 ml digestion cup along and spike with 1.0 ml 
of the 0.1 ug/ml Working Verification Standard (Section 10.18.1 ). 


10.23.2 Spiking must occur prior to the addition of reagents. 
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11.1 Mercury Calibration Curve Standards, 0- 4.0 ug/L: Volume additions of the standards 
are made using volume calibration verified pipets. 


Table 11 .1: Calibration Curve Preparation 
Calibration Curve 0 0.2 0.5 1.0 2.0 4.0 
Levels, ug/L Hg 


ml of 0.1 ug/ml Hg 0 0.10 0.25 0.50 1.0 2.0 
added (1 0.1 7) 


ml of Sulfuric Acid 2.5 2.5 2.5 2.5 2.5 2.5 
(10.2) 


ml of Nitric Acid 1.25 1.25 1.25 1 .2 5 1.25 1.25 
(10.4) 


ml of 5% KMn04 7.5 7.5 7.5 7.5 7.5 7.5 
(10.11) 


ml of 5% K2S208 4.0 4.0 4.0 4.0 4.0 4.0 
(10.13) 


ml of Hydroxylamine- 3.0 3.0 3.0 3.0 3.0 3.0 
HCI/NaCI 


(10.9) 
Final Vol w/DI (ml) 50 50 50 50 50 50 


Note: The analyst may utilize additional standards as needed to extend the 
calibration range. 


11 .2 The calibration curve is prepared without digestion. 


11.3 CETAC M61 OOA: 


11 .3.1 Must use the Linear Regression mode of analysis for establishment of the 
initial calibration 


11 .3.2 Will plot a calibration curve and determine the slope, intercept and the 
correlation coefficient, r. 


11 .3.3 The curve must generate an "r" of 0.995 or better for acceptance. 
11 .3.4 The stored calibration curve information will calculate the mercury 


concentration in all samples analyzed after the acceptance of the curve. 


11 .4 An ICV standard (1 0.19) must be analyzed with each new calibration. Acceptance 
criteria are 90-110% of the spiked concentration. This standard is not digested. 


11 .5 An I PC/CCV standard (1 0.20) must be analyzed with each new calibration. The IPC 
must be analyzed immediately following the ICB with acceptance criteria of 95-105% of 
the spiked concentration. The CCV must then be read after each 1 0 subsequent 
samples and at the end of the sequence with acceptance criteria of 90-11 0% of the 
spiked concentration. This standard is not digested. 


11 .6 A CRDL standard (1 0.21) must be analyzed immediately following the I PC/CCV 
standard. Acceptance criteria are 60-140% of the spiked concentration. This standard 
is carried through the digestion process, daily, when client samples are to be analyzed. 


11.7 A Continuing calibration blank (CCB) must be analyzed immediately following the CRDL 
standard. This blank is used to demonstrate instrument cleanliness. Refer to section 
16.5. 5 for acceptance criteria. 


12) Sample Preparation/Analysis 
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12.1 Sample Preparation: 


12.1 .1 Transfer approximately 0.600g of a thoroughly mixed representative sample 
(Teflon chips for MB and LCS) to a 70 ml digestion cup. 


12.1.2 Add 5ml Dl H
2
0 and 5.0ml of aqua regia 


12.1 .3 Place samples on the hotblock and heat for 2 minutes. Remove and allow to 
cool. 


12.1.4 Add 7.5ml of potassium permanganate. 


12.1.5 
12.1 .6 
12.1.7 
12.1 .8 


12.1.9 
12.1.10 


12.2 Analysis 


12 .2.1 
12.2.2 
12.2.3 


12.2.4 


12.2.5 


1 2.1 .4.1 The purple potassium permanganate solution color must persist for 
at least 1 5 minutes. 


12.1.4.2 If, not, add an additional 7.5 ml of potassium permanganate. 
12.1 .4.3 If a sample still consumes the potassium permanganate, discard 


the sample and perform necessary dilutions. 


Heat for 30 minutes, at 95 +/- 3°C. Record digestion temperature. 
Place a ribbed watch glass on the samples during digestion. 
Remove cups from digestion unit and cool to room temperature. 
Add 3 ml hydroxylamine hydrochloride solution. Mix to clear the 
permanganate color. 
Bring to a final volume of 50ml with Dl. 
Proceed to Section 12.2. 


Allow particulates to settle or filter the digestate through a 0.45um filter. 
Transfer about 1 5 ml of each digestate to an autosampler vial. 
Note: The instrument performs the addition of the stannous chloride solution 
during the automated run. 
Create a sequence table with the CETAC M61 OOA ALS template and start 
sequence. 
Typical Analytical Sequence: 


12.2.5.1 5-Point Initial Calibration curve and a blank 
12.2.5.2 Initial Calibration Verification standard 
12.2.5.3 Initial Calibration Blank 
12.2.5.4 IPC/CCV 
12.2.5.5 CRDL 
12.2.5.6 Continuing Calibration Blank 
12.2.5.7 Method Blank 
12.2.5.8 Laboratory Control Sample 
12.2.5.9 Commercial sample 
12.2.5.1 0 Matrix spike 
12.2.5.11 Matrix spike duplicate 
12.2.5.12 Commercial samples (5) 
12.2.5.13 IPC/CCV 
12.2.5.14 CRDL 
12.2.5.1 5 Continuing Calibration Blank 
12.2.5.16 Additional samples or QC (1 0) 
12.2.5.17 IPC/CCV 
12.2.5.18 CRDL 
1 2.2. 5.1 9 Continuing Calibration Blank 


f~ I G Il T S 0 L U T I 0 N S I E I G H T P A R T ]\] F H 







Uncontrolled Document


STANDARD OPERATING PROCEDURE 


1 3) Troubleshooting 


Mercury- Solids 
HN-MET-006-R06 
Effective: 09/01/201 3 
Page 8 of 1 3 


1 3.1 Refer to CETAC M61 OOA Hardware manual for specific troubleshooting guidance. 


14) Data Acquisition 


14.1 Create a prep batch in LIMS. This information will apply to the final calculations. 


14.2 Concentration data from the Cetac M61 OOA is downloaded directly into the data entry 
section of LIMS. 


14.3 Dilutions must be entered manually into the LIMS system under the appropriate field 
(DF). 


1 5) Calculation, and Data Reduction Requirements 


1 5.1 QC Calculations: LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations: 
1 5.1 .1 % Recovery, %R (for MS and MSD Samples) 


Where: 


%R = (SSR-SR)xlOO 
SA 


SSR =Spiked Sample Result (mg/L or mg/kg). 
SR =Sample Result (unspiked). 
SA = Spike Amount Added (mg/L or mg/kg). 


1 5.1 .2 % Recovery, %R (for standards and LCS) 


Where: 


(SSR) 
%R=--x100 


SA 


SSR =Spiked Sample Result (mg/L or mg/kg). 
SA =Spike Amount Added (mg/L or mg/kg). 


15.1 .3 RPD (for precision or duplicate evaluation) 


RPD = ISR 1 - SR 21 X 100 
~(SR 1 + SR 2 ) 


Where: 
SR


1 
=Sample result for duplicate 1. 


SR
2 


=Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Initial Calibration Curve 


1 6.1 .1 
16.1 .2 
16.1 .3 


16.1 .4 


Utilize 5 standards (minimally) and a blank 
Acceptance Criteria: "r" must be 0.995 or better. 
Must be established daily at a minimum or as required by CCV acceptance 
failure 
ICal Curve Failure Corrective Action: 
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16.1 .4.1 Examine standards and reprocess curve. 
16.1 .4.2 If curve continues to fail, check support equipment and review 


instrument maintenance logbooks for possible instrument 
problems. Prepare new standards as necessary and reprocess curve. 


16.1 .4.3 All samples associated with a failed initial calibration curve must be 
reprocessed. 


16.2 Initial Calibration Verification (ICV) 


16.2.1 
16.2.2 
16.2.3 
16.2 .4 


Utilize a 2.0 ppb standard prepared from a second source supplier 
Perform after each initial calibration. 
Must meet accuracy criteria of 90-110% of spiked concentration 
ICV Failure Corrective Action: 


16.2 .4.1 Examine standards and reprocess curve/verification standard. 
16.2 .4.2 If curve continues to fail, check support equipment calibration 


checks and remake standards. 
16.2.4.3 All samples associated with a failed ICV must be reprocessed. 


16.3 Instrument Performance Check (IPC) or Continuing Calibration Verification (CCV) 


16.3 .1 Prepare from the same source as the associated initial calibration standards, 
whenever a new curve is prepared and as needed thereafter. 


16.3 .2 Utilize a 2.0 ppb standard prepared from the primary source 
16.3 .3 Analyze after the initial calibration, prior to sample analysis, every ten 


samples thereafter, and at the end of the run. 
16.3.4 Acceptance Criteria 


16.3.4.1 The IPC must be analyzed immediately following the ICB with 
acceptance criteria of 95-1 05% of the spiked concentration. 


16.3 .4.2 The CCV must then be read after each 1 0 subsequent samples and 
at the end of the sequence with acceptance criteria of 90-11 0% of 
the spiked concentration. 


16.3.5 CCV Failure Corrective Action: 


16.3. 5.1 Examine standard and reprocess I PC-CCV. 
16.3. 5.2 If curve continues to fail, check support equipment and process a 


new initial calibration. 
16.3. 5.3 All samples associated with a failed I PC-CCV (preceding and 


following) must be re-analyzed. 
16.3.5.4 If the I PC-CCV fails high and all associated samples (preceding and 


following) are non-detect, sample results may be reported if 
appropriately narrated as such. 


16.4 Low-level Continuing Calibration Verification (MRL/CRDL) 


16.4.1 
16.4.2 
16.4.3 
16.4.4 


16.4.5 


Prepare daily from same source as associated initial calibration standards 
Must be processed utilizing the entire digestion procedure 
Utilize a 0.2 ppb standard prepared from the primary source 
Analyze after the initial calibration, prior to sample analysis, every ten 
samples thereafter, and at the end of the run. 
Acceptance Criteria 
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16.4.5.1 Must meet accuracy criteria of 60-140% the spiked concentration 


16.4.6 LLCCV Failure Corrective Action: 


16.4.6.1 Examine standard and reprocess CRDL. 
16.4.6.2 If verification continues to fail, check support equipment and 


process a new initial calibration. 
16.4.6.3 All samples associated with a failed CRDL (preceding and following) 


shall be re-analyzed. 
16.4.6.4 If the CRDL fails high and associated samples (preceding or 


following) are non-detect, sample results may be reported if 
appropriately narrated as such. 


16.5 Blanks (ICB/CCB/MB): 


16.5 .1 
16.5.2 
16.5.3 


16.5.4 


Prepare daily 
Method blanks must be processed utilizing the entire digestion procedure. 
One blank may serve as the ICB and CCB. If a blank is used interchangeably, 
it must be designated appropriately (i.e., ICB-CCB) and it cannot exceed the 
most restrictive acceptance criteria. 


Frequency: 


16.5 .4.1 ICB, CCB, and MBs must be processed as noted in the analytical 
sequence 


16.5 .4.2 One method blank per every batch of 20 or less samples must be 
processed. 


16.5.5 Acceptance Criteria: 


16.5.5.1 Mercury concentration should be less than the MDL and must be 
less than Y2 the PQL. 


16.5.6 Corrective Action: 


16.5 .6.1 If ICB/CCB contamination is indicated, reprocess the blank and 
examine for contamination. 


16.5.6.2 If the blank continues to fail, terminate analysis and correct the 
problem before proceeding. An acceptable blank must be 
demonstrated before sample analysis resumes. 


16.5.6.3 If blank contamination is indicated, all associated samples (before 
and after) must be reanalyzed. 


16.5 .6.4 If MB contamination is indicated, reanalyze the blank and examine 
for contamination. 


16.5.6.5 If the MB continues to fail, re-digest all associated samples. 
16.5 .6.6 If MB contamination is indicated and samples cannot be re


digested, all associated must be reported with a "B" qualifier. 
16.5.6.7 A nonconformance report (NCR) must be issued for any sample 


reporting associated with blank contamination. 
16.5.6.8 If a reported mercury result is more than 10 times the blank 


mercury level, the B flag is not applied to the sample result. 
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16.5.6.9 If the sample associated with a contaminated MB is "ND", the 
sample may be reported if appropriately qualified. 


Laboratory Control Sample (LCS): 


16.6.1 Prepare from the initial calibration working standard at a theoretical 
concentration of 2.0 ppb. 


16.6.2 Process one LCS per batch of 20 or less sample digestions. 
16.6.3 Must meet accuracy performance criteria for outlined in the applicable LIMS 


test code. 
16.6.4 LCS Failure Corrective Action: 


1 6.6.4.1 If the LCS does not meet acceptance criteria, all associated samples 
in the analytical batch must be re-digested/reanalyzed. 


16.6.4.2 If the LCS fails high and associated samples are "ND", they may be 
reported if appropriately narrated. 


16.7 Matrix Spikes (MS/MSD): 


16.7.1 Prepare from the initial calibration verification standard at a theoretical value 
of 2 ppb 


16.7 .2 Prepare MS/MSD at a 5% frequency for each digestion batch of 20 or less 
samples. 


16.7 .3 MS/MSD Recovery Criteria: 


16.7.3.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.7.3.2 If the spike results or the spike duplicate results are outside the 
acceptance limits, evaluate against the LCS results to determine 
whether a matrix effect is present or if laboratory error is 
suspected. (The LCS must fall within acceptance criteria in order for 
the data to be accepted.) 


16.7.3.3 If laboratory error is suspected, all associated samples must be re
digested/reanalyzed. If samples cannot be re-processed, the 
associated data must be qualified and narrated as to potential bias. 


16.8 Sample Duplicate or Matrix Spike Duplicate 


16.8.1 Unless specified otherwise by project requirements, a matrix spike duplicate 
(MSD) may be processed in place of a sample duplicate. 


16.8.2 Duplicates must be analyzed on a frequency of one per 20 or less for SW-846 
7471 A/B. 


16.8.3 If insufficient sample is available for a duplicate analysis, a duplicate on a 
sample analyzed in a previous batch may be performed. 


16.8.4 Acceptance Criteria: 


16.8.4.1 Must meet precision performance criteria outlined in the applicable 
Ll MS test code. 


16.8.5 Duplicate Failure Corrective Action: 


16.8. 5.1 If the duplicate analysis does not meet acceptance criteria, the 
analytical process must be evaluated for possible errors. All 
samples associated with failed duplicate analyses should be re-
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processed. If re-processing of the samples cannot be completed, all 
associated results must be qualified and narrated as to potential 
bias. 


Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


1 7) Data Records Management 


1 7.1 All data is stored both electronically and hard copy for 7 years. 


1 7.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


1 7.3 Complete all pertinent sections in the respective logbooks. If not-applicable then line 
out the section. "Z" out or "X" out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data. 


1 7.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


1 7.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent 


18) Contingencies for Handling Out of Control Data 


1 8.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible. 


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated. This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate). 


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data. 


1 8.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


18.5 Logbooks must be reviewed monthly by the department supervisor. 


1 8.6 Logbooks must be reviewed quarterly by QA Staff. 


1 8. 7 The QA Staff performs periodic audits to evaluate compliance with this SOP. 


1 9) Method Performance 
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Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data. 


Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 


Performance evaluation samples are processed periodically to assess method 
performance. 


20) Summary of Changes 
Table 20.1 Summar 


Revi sioff;z~ · Eff~cfi\fe_ .. 
Numbef_ic~~ Date c_. 


R06 9/1/13 


21) References and Related Documents 


21 .1 U.S. Environmental Protection Agency, "Method 7471 A, Mercury in Solid or Semi-Solid 
Waste (Manual Cold-Vapor Technique)", Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, Update Ill, June 1997. 


21 .2 U.S. Environmental Protection Agency, "Method 7471 B, Mercury in Solid or Semi-Solid 
Waste (Manual Cold-Vapor Technique)", Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, Update IV, February 2007. 


21.3 Cetac M61 OOA Mercury Analyzer Operators Manual, March 1997, Version 1.2 


21 .4 Cetac M61 OOA Mercury Analyzer Software Manual, October 1 998, Version 1. 5 


21.5 ALS Environmental Quality Assurance Manual, Revision (most current) 
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CYANIDE BY FLOW INjECTION ANALYSIS 


1) Scope and Applicability 


1 .1 This method is a reflux-distillation procedure for both total cyanide, cyanide amenable 
to chlorination, and weak acid distilled cyanide. The distillation procedure is used to 
extract soluble cyanide salts and many insoluble cyanide complexes based on the 
decomposition of nearly all cyanides by a reflux distillation procedure using a strong 
acid and a magnesium catalyst. The distillation procedure for weak acid distilled 
cyanide is modified to be carried out under less acidic conditions. 


1 .2 This method is applicable to a variety of matrices including drinking water, non
potable water, solid/chemical materials, and biological tissues. 


1 .3 The titrimetric procedure should be utilized for measuring known high concentrations 
of cyanide. 


1 .4 The flow injection procedure is utilized for measuring concentrations of cyanide from 
0.003 mg/L to 0.5 mg/L. 


1.5 This method is compliant with EPA method 335.4, SW846-9012A, and Standard 
Methods 4500 C, E, G, I, and N. 


2) Summary of Procedure 


2.1 Cyanide, as hydrocyanic acid (HCN), is released from the samples under acidic 
conditions and absorbed in a sodium hydroxide scrubber solution. The cyanide 
concentration in the absorbing solution is then determined by spectrophotometric 
measurement via flow injection. 


2.1 .1 In spectrophotometric measurement, the cyanide is converted to cyanogen 
chloride (CNCI) by reaction of cyanide with chloramine-Tat a pH less than 8. 
After the reaction is complete, color is formed on the addition of pyridine
barbituric acid reagent with measurement at 570 nm. 


2.2 Method Modifications 


2.2.1 Sample distillation utilizes the SimpleDist System (available from 
Environmental Express). 


2.2.2 All samples are distilled with the exception of the calibration standards, ICVs, 
CCBs, and CCVs. 


2.2.2.1 Acceptance range for the low-leveiiCV is 60-140%, mid-range ICV is 
90-11 0%, and CCV is 90-11 0% of the true concentration as 
documented in the applicable LIMS test code. 


2.2.2.2 The CCB concentration should be<~ the MRL and must be below 
the method reporting limit (MRL). 


2.2.3 Weak Acid Dissociable Cyanide (WAD) 


2.2.3.1 HCN is liberated from a slightly acidified (pH 4.5-6) sample under 
the prescribed distillation conditions. 
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2.2.3.2 


2.2.3.3 


The method does not recover cyanide from tight complexes that 
would not be amenable to oxidation by chlorine. 
The acetate buffer used contains zinc salts to precipitate iron
cyanide as a further assurance of the selectivity of the method; 
otherwise, it is similar to Standard Methods 4500 C. 


3.1 Dl water: De-ionized reagent water meeting purity characteristics of ASTM Type II 
laboratory water or better. 


3.2 Batch: A group of~ 20 field samples of the same matrix processed during the same 
working shift (8 hours). Each analytical batch must contain a method blank, lab 
control sample every 20 samples and a matrix spike/duplicate every 1 0 samples. 


3.3 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest. 


3.5 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix. 


3.6 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix. 


3. 7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process. 


3.8 Cyanide amenable to chlorination (Amenable/Free Cyanide): Total cyanide 
concentration in an un-chlorinated sample minus the total cyanide concentration in a 
chlorinated sample. 


3.9 Lachat Quickchem™ 8500: An automated sampler and analyzer used for analyte 
specific spectrophotometric determination. 


3.10 Calibration Standard: A solution prepared from stock standard solutions. 


3.11 Initial Calibration Standards: A series of calibration standards used to establish 
instrument calibration and develop calibration curves for the analyte(s) of interest. 


3.12 Initial Calibration Check Standard: An individual calibration standard solution prepared 
from a second source supplier and analyzed prior to sample analysis for the 
verification of the previously established curve. 


3.13 Continuing Calibration Standard: An individual calibration solution analyzed after every 
tenth field sample analyses to verify the previously established calibration curve on a 
continuing basis. 


3.14 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
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3.1 5 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.16 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes. 


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory. In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals. 


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses. 


4.2.1 The analyst is cautioned that all forms of cyanide, cyanogen chloride, and 
cyanate are extremely toxic. 


4.2.2 Pyridine is a central nervous system depressant, is toxic, and is a 
dermal/respiratory irritant. Exposure to pyridine may be associated with liver 
and kidney damage. 


4.2.3 Barbituric acid is a known irritant and CNS depressant. 
4.2.4 A reference file of material safety data sheets (MSDS) for these chemicals is 


available to all personnel involved in chemical analysis. 
4.2.5 Warning- NEVER MIX CYANIDE SAMPLES WITH ACIDS. HCN gas is formed and 


can be potentially lethal. 
4.2.6 Primary standards of cyanide compounds must be prepared in a hood. 
4.2.7 All sample acidification must be done within a closed distillation system such 


as the SimpleDist System or within a hood. All work must be conducted in a 
well-ventilated work area to minimize respiratory exposure. 


4.3 Waste Management: The principal wastes generated by this procedure are the method
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required. Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed. 
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5.1 This procedure can produce lethal hydrogen cyanide (HCN) gas. Distillations must be 
performed within a closed distillation system or a hood. 


5.2 The pretreatment for cyanides amenable to chlorination must be performed in a hood. 
The initial reaction product of alkaline chlorination is the toxic gas, cyanogen chloride. 


5.3 Aqueous sodium hydroxide should be added to the Lachat waste container so that the 
pH is~ 1 2 to prevent the evolution of the toxic gas HCN. The waste container should 
be mixed periodically to prevent a concentration gradient in the container. 


6) Interferences 


6.1 Interfering materials are removed from the samples through distillation. All samples 
are required to be distilled. 


6.2 Oxidizing agents such as chlorine can decompose cyanides and are removed with the 
addition of a 0.02 g/L sodium thiosulfate solution prior to distillation. 


6.3 High results can be obtained from samples that contain nitrate and/or nitrite. The 
interference is eliminated with the addition of sulfamic acid prior to distillation. 


6.4 Thiocyanate is an interferant when present at very high levels. 


6.5 Sulfides adversely affect the procedure by producing hydrogen sulfide during 
distillation. Sulfides can be removed through the addition of powdered lead or 
cadmium carbonate. 


6.6 Method interferences can be caused by contaminants in reagent water, reagents, 
glassware, and other sample processing apparatus that can bias analyte response. 


6. 7 Carbonates in high concentrations may affect the distillation by causing a violent 
release of carbon dioxide with excessive foaming when the concentrated acid is added. 


6.8 Aldehydes convert cyanide to cyanohydrin, which forms nitrile under distillation 
conditions - in this case, only direct titration without distillation can be used which 
only reveals non-complex cyanides. 


6.9 Significant quantities of iron cyanides may give a chlorinated sample a higher value 
than the total cyanide value, thus resulting in a negative result for cyanide amenable to 
chlorination. 


6.1 0 Some unidentified organic chemicals may oxidize or form breakdown products during 
chlorination giving higher results for cyanide after chlorination than before (ex. 
Samples coming from the steel industry, petroleum refining, and pulp/paper 
processing). 


6.11 Strong acid distillation procedure uses concentrated acid with magnesium chloride to 
dissociate metal-cyanide complexes. In some instances, particularly with industrial 
wastes, it may be susceptible to interferences such as those from the conversion of 
thiocyanate to cyanide in the presence of an oxidant (e.g. nitrate). If such 
interferences are present use a ligand displacement procedure (e.g. available cyanide) 
to dissociate the metal-cyanide complexes. 


6.1 2 UV light can cause photodecomposition of some metal-cyanide complexes and an 
increase in the concentration of weak acid dissociable cyanide. 


7) Personnel Qualifications and Responsibilities 
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General Responsibilities -This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


Analyst- It is the responsibility of the analyst(s) to: 


7.2.1 Each must read and understand this SOP and follow it as written. Any 
deviations or non-conformances must be documented and submitted to the 
QA Manager for approval. 


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009). 


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor- It is the responsibility of the section supervisor to: 


7.3.1 Ensure that all analysts have the technical ability and have received adequate 
training required to perform this procedure. 


7.3 .2 Ensure analysts have completed the required initial demonstration of 
proficiency before performing this procedure without supervision. 


7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 
when continuing to perform the procedure. 


7.3.4 Ensure analysts produce method compliant data that meet all quality 
requirements using this procedure and the Data Reduction, Review and 
Validation SOP. 


7.4 Project Manager- It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


7.5.1 Approving deviations and non-conformances 
7.5 .2 Ensuring that this procedure is compliant with method and regulatory 


requirements, 
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Aqueous 


8.1 .1 Collect approximately 500 ml of sample in a polyethylene or glass container. 
A container protecting the sample from exposure to light is recommended. 


8.1 .2 The sample must be tested for sulfides I oxidizing agents and preserved by 
the sampler at the time of collection if found. 


\l T' 
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8.1 .2 .1 Sulfides 


8.1.2.1.1 


8.1.2.1.2 


8.1.2.1.3 


8.1.2.1.4 


Place a drop of sample on lead acetate test paper. If 
sulfides are present, the test strip will turn black. 
Treat with a small amount of powdered lead or 
cadmium carbonate. 
Repeat steps 8.1 .2.1 .1 and 8.1 .2.1 .2 until no 
discoloration of the test strip is noted. 


Filter through dry filter paper into a clean container. 


8.1.3 Adjust the sample pH to ~12 with NaOH and refrigerate to 4 ± 2oc from the 
time of collection until distillation. 


8.2 Solid 


8.2 .1 Collect a representative sample in either polyethylene or glass container. 
8.2.2 Refrigerate to 4 ± 2°C from the time of collection until distillation. 


8.3 All samples must be distilled within 14 days of the date and time of collection. 


9) Equipment and Supplies 


9.1 SimpleDist System (available from Environmental Express) 


9.2 Auto-pipette 1 -5 ml 


9.3 Lead Acetate Test Strips 


9.4 Potassium Iodide Starch Paper 


9.5 Lachat™ QuickChem 8500 with cyanide manifold and 570 nm filter 


9.6 10 ml glass tubes for auto-sampler racks 


9.7 Class A volumetric pipettes 


9.8 Class A volumetric flasks 


9.9 Digestion cups- 50 ml and 1 00 ml sizes (available from Environmental Express) 


9.1 0 Analytical Balance 


9.11 Top-loader balance 


9.1 2 Beakers and stir bars 


9.1 3 Foam storage pads 


1 0) Standards and Reagents 


1 0.1 


10.2 


10.3 


ASTM Type I or II Reagent Water 


Sulfuric Acid (H SO ) - concentrated, reagent grade or higher 
2 4 


18N Sulfuric Acid 


1 0.3.1 Add approximately 200 ml of Dl water to a 1 L volumetric flask in a water bath 
with a magnetic stirrer. 


1 0.3.2 Very cautiously add 500 ml concentrated sulfuric acid (1 0.2) while stirring. 
1 0.3.3 Cool to room temperature and bring to a final volume of 1 L with Dl water. 
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10.3 .4 Transfer to an appropriately labeled container with applicable BPL number and 
expiration date. 


1 0.3.5 Prepare annually or as needed. 
10.3 .6 Alternatively this reagent can be purchased from a commercial vendor. 


Sodium hydroxide (NaOH) - pellets, reagent grade or higher 


12.5N NaOH Solution (SO%) 


1 0.5.1 In a water bath, dissolve 1000 g NaOH pellets (1 0.4) in approximately 1 L of Dl 
water. 


1 0.5.2 Cool to room temperature and bring to a final volume of 2L with Dl water. 
10.5 .3 Transfer to an appropriately labeled amber container with applicable BPL 


number and expiration date. 
1 0.5.4 Prepare annually or as needed. 
1 0.5.5 Alternatively, purchase as a certified solution from an approved supplier. 


10.6 1.25N NaOH Stock Solution 


1 0.6.1 Add 100 ml of 12.5N NaOH solution (1 0.5) to approximately 500 ml of Dl 
water. 


1 0.6.2 Cool to room temperature and bring to a final volume of 1 L with Dl water. 
1 0.6.3 Transfer to an appropriately labeled container with applicable BPL number and 


expiration date. 
1 0.6.4 Expiration date is the same as the parent solution. 


10.7 0.25N NaOH Working Solution 


1 0.7.1 Dilute 400 ml of the 12.5N NaOH stock solution to 20.0 L with Dl water. 
1 0.7.2 Transfer to an appropriately labeled container with applicable BPL number and 


expiration date. 
1 0.7.3 Expiration date is the same as the parent solution. 
10.7 .4 Alternatively, this solution can be purchased from a commercial vendor. 


10.8 0.04M NaOH Solution 


1 0.8.1 Dissolve 1 .6 g of NaOH (1 0.4) in approximately 600 ml of Dl water. 
1 0.8.2 Cool to room temperature and bring to a final volume of 1 L with Dl water. 
1 0.8.3 Transfer to an appropriately labeled container with applicable BPL number and 


expiration date. 


1 0.9 Magnesium Chloride Reagent 


1 0.9.1 Dissolve 51 0 g of MgCI
2
•6H


2
0 in Dl water and dilute to 1 L. 


1 0.9.2 Transfer to an appropriately labeled container with applicable BPL number and 
expiration date. 


1 0.9.3 Prepare annually or as needed. 
1 0.9.4 Alternatively, this solution can be purchased from a commercial vendor. 


(Note: This is a possible source of low level contamination due to purity constraints.) 


1 0.1 0 Sulfamic Acid Solution 


10.1 0.1 Dissolve 40 g of reagent grade sulfamic acid in Dl water and dilute to 1 L. 
10.1 0.2 Transfer to an appropriately labeled container with applicable BPL number and 


expiration date. 


L l ! ;T' l 0 l'·I >; I 
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1 0.1 0.3 Prepare annually or as needed. 


10.11 Sodium Thiosulfate, reagent grade 


10.11 .1 Sodium Thiosulfate, 0.02g/L solution 


1 0.11 .1 .1 Add 0.02g sodium thiosulfate to a 1 L volumetric flask. Bring to 
volume with Dl. 


1 0.11 .1 .2 Solution is good for 1 year. 


1 0.1 1 .2 Sodium Thiosulfate, 500g/L solution 


1 0.11 .2 .1 Dissolve 500g sodium thiosulfate in a 1 L volumetric flask using Dl. 
Bring to volume. 


1 0.1 1 .2 .2 Solution is good for 1 year. 


1 0.1 2 Phosphate Buffer (0. 71 M) 


10.12.1 Dissolve 97 g sodium phosphate monobasic (NaH
2
P0


4
•H


2
0) in 500 ml Dl 


water. 
10.12.2 Bring to a final volume of 1 L. 
10.12.3 Transfer to an appropriately labeled container with applicable BPL number and 


expiration date. 
10.12.4 Prepare fresh monthly. 


1 0.1 3 Chloramine-T Solution 


1 0.1 3.1 Dissolve 1 g of chloramine-T (C
7
H


7
CINNa0


2
S) in 2 50 ml Dl water. 


1 0.1 3.2 Prepare fresh daily. 


1 0.14 Pyridine-Barbituric Acid Reagent 


1 0.14.1 Add 30 g barbituric acid to a 1 L volumetric flask and add enough Dl water to 
just wet the barbituric acid. 


10.14.2 Add 1 50 ml pyridine and mix well. 
1 0.14.3 Add 30 ml concentrated hydrochloric acid (HCI), mix, and cool to room 


temperature. 
1 0.14.4 Dilute to 1 L with Dl water. 
10.14.5 Transfer to an appropriately labeled amber container with applicable BPL 


number and expiration date. 
1 0.14.6 Note that this is double the concentration described in the Lachat™ method. 
10.14.7 Prepare annually or as needed. 
1 0.14.8 Alternatively, purchase this reagent from Lachat. 


10.1 5 Calcium Hypochlorite Solution (0.35M) 


10.1 5.1 Combine 5 g calcium hypochlorite {Ca(OCI)) and 100 ml Dl water. 
10.1 5.2 Transfer to an appropriately labeled amber container with applicable BPL 


number and expiration date. 
1 0.1 5.3 Prepare fresh monthly. 
1 0.1 5.4 Alternatively purchase commercially available bleach solution (available from 


VWR.) 


1 0.16 Rhodanine Indicator Solution 


1 0.16.1 Dissolve 0.02g p-dimethylaminobenzalrhodanine in 1 00 ml acetone. 
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10.16.2 Transfer to an appropriately labeled amber container with applicable BPL 
number and expiration date. 


10.16.3 Prepare annually or as needed. 


1 0.1 7 Standard Silver Nitrate Titrant- purchase as a certified reagent@ 0.0141 N AgN0
3


• 


1 0.1 8 Stock Potassium Cyanide Solution @ 1 2 50 mg/L 


10.1 8.1 Dissolve 2 g KOH in approximately 500 ml Dl water. 
10.18.2 Add 3.129 g KCN and bring to a final volume of 1 L. Transfer to an 


appropriately labeled amber container with applicable BPL number and 
expiration date. 


10.18.3 Prepare annually or when degradation is apparent. 
10.1 8.4 Two stock solutions are prepared from two separate sources and are 


standardized using the silver nitrate titrant for the titrimetric analysis. Titrate 
the cyanide standard using the procedure in HN-WC-01 5 Section 11. Calculate 
the cyanide concentration using the titration equation in HN-WC-01 5 Section 
1 5.2 .1. Use caution when utilizing KCN as it is highly toxic and may be 
absorbed through the skin. 


10.19 Cyanide Stock Standard@ 12.5 mg/L 


10.19.1 Dilute 1 ml of the 1250 mg/L stock solution (1 0.18) to 100 ml with 0.25N 
NaOH solution (1 0. 7) 


10.1 9.2 Prepare fresh monthly. 


1 0.20 Cyanide Stock Check Standard @ 1 2. 5 mg/L 


10.20.1 Dilute 1 ml of the 1 2 50 mg/L stock check solution (1 0.1 8) to 1 00 ml with 
0.25N NaOH solution (1 0.7). 


10.20.2 Prepare fresh monthly. 


10.21 Cyanide Working Standard Solution@ 0.5 mg/L 


10.21.1 Dilute 10 ml of the 12.5 mg/L stock standard (10.19) to 250 ml with 0.25N 
NaOH solution (1 0.7). 


10.21 .2 Transfer to an appropriately labeled container with applicable BPL number and 
expiration date. 


10.21 .3 Prepare fresh monthly. 


10.22 Cyanide Working Check Standard Solution@ 0.2 mg/L 


10.22.1 Dilute 4 ml of the 12.5 mg/L stock check standard (1 0.20) to 250 ml with 
0.25N NaOH solution (1 0.7). 


10.22.2 Transfer to an appropriately labeled container with applicable BPL number and 
expiration date. 


10.22.3 Prepare fresh monthly. 


10.23 1 N NaOH Solution 


10.23.1 Add 40 g NaOH pellets (1 0.4) to a 1 L volumetric flask. 
10.23.2 Add approximately 600 ml Dl water and stir to mix. 
10.23.3 Cool to room temperature and dilute to 1 L with Dl water. 
10.23.4 Transfer to an appropriately labeled container with applicable BPL number and 


expiration date. 


S 0 L \l 'T [\) H.lG IT PAR'TNFH 
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1 0.2 5.1 Mix 1 volume of glacial acetic acid (1 0.24) to 9 volumes Dl water. 
1 0.2 5.2 Transfer to an appropriately labeled plastic container with applicable BPL 


number and expiration date. 
10.25.3 Prepare fresh annually. 


1 0.26 Sodium acetate anhydrous, NaC
2
H


3
0


2 


10.27 Acetate Buffer 


10.27.1 Dissolve 247g sodium acetate anhydrous (1 0.26) in 500 ml Dl water. 
10.27.2 Add 500 ml glacial acetic acid (1 0.24). 
1 0.2 7.3 Invert to mix. 
10.27.4 Solution pH should be 4.5. 
10.27.5 Transfer to an appropriately labeled plastic container with applicable BPL 


number and expiration date. 
1 0.2 7.6 Prepare fresh annually or as needed. 


1 0.28 Zinc Acetate, Zn(C
2
H


3
0)


2
•2H


2
0 


1 0.29 Zinc Acetate Solution 


1 0.29.1 Dissolve 60 g zinc acetate (1 0.28) in 500 ml Dl water. 
10.29.2 Transfer to an appropriately labeled plastic container with applicable BPL 


number and expiration date. 
10.29.3 Prepare fresh annually or as needed. 


1 0.30 Methyl Red sodium salt 


1 0.31 Methyl Red Indicator Solution 


10.31 .1 Dissolve 0.1 g methyl red sodium salt (1 0.30) and dilute to 1 00 ml with Dl 
water. 


10.31 .2 Transfer to an appropriately labeled plastic container with applicable BPL 
number and expiration date. 


10.31 .3 Prepare fresh annually or as needed. 
1 0.31 .4 Alternatively purchase from a commercial vendor. 


10.32 Cadmium carbonate powder, reagent grade 


10.33 Hydrogen Peroxide, 3%- purchase from a commercial vendor. 


11) Method Calibration 


11 .1 Prepare a series of standards, covering the desired range and a blank by diluting 
suitable volumes of standard solution (1 0.21 ). 


11 .2 Using the 0.5 mg/L standard stock solution (1 0.21 ), prepare a series of standards to 
generate a calibration curve. Make all dilutions in 0.25N NaOH solution. 
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Concentration (mg/L) 


0.5 
0.25 
0.125 
0.05 
0.02 
0.005 
0.003 
0.000 


0.5 mg/L Std. (ml) 


10.0 
5.00 
2.50 
1.00 
0.40 
0.10 
0.06 
0.00 
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Final Volume (ml) 


10 
10 
10 
10 
10 
10 
10 
10 


11 .3 Calibrate the instrument as described in Section 11.6 through 11 .11. 


11 .4 Calculate the correlation coefficient. This value must be ~0.995 prior to proceeding. 


11 .5 Verify the calibration by processing a second source standard at or below the mid
point of the curve and at the reporting limit. The calculated concentration of the mid
point standard must fall within 90-11 0% of the expected value. The calculated 
concentration of the reporting limit standard must fall within 60-140% of the true 
value. 


11 .5 .1 If the calibration curve fails to yield an acceptable correlation coefficient or if 
the second source fails to achieve acceptance criteria, determine the cause of 
the problem, correct, and repeat the calibration sequence. 


11 .6 Prepare the reagents and standards as described in Section 1 0. 


11.7 Set up the manifold (Lac hat) as shown in the Attachments Section (section 21 ). 


11 .8 Input the data system parameters for the Lachat 8500. 


11 .9 Pump Dl water through all reagent lines and check for leaks and smooth flow. Switch 
to reagents and allow system to equilibrate until a stable baseline is achieved. 


11 .1 0 Place standards and/or samples in the sampler tray. Input the information required by 
the data system, such as concentration, replicates, and the Quickchem™ scheme. 


11 .11 Calibrate the system by injecting the standards. The data system will then associate 
the concentrations with the instrument responses for each standard. A linear 
regression curve will be generated by the software. 


11 .1 2 Lachat system notes: 


11 .12.1 Allow 1 5 minutes for heating unit to warm up to 60°C. 
11 .12.2 If sample concentrations are higher than the high standard, the distilled 


sample must be diluted with 0.25N NaOH solution. Do not dilute distilled 
samples or standards with Dl water. 


11 .1 2.3 Add reagents in the order that they are shown on the manifold diagram. 
Remove reagent lines in reverse order. 


11 .12.4 Aqueous sodium hydroxide should be added to the waste container so that 
the pH is~ 1 2 to prevent the evolution of the toxic gas HCN. The waste 
container should be mixed periodically to prevent a concentration gradient in 
the container. 


12) Sample Preparation/Analysis 


12.1 Pretreatment for cyanides amenable to chlorination: 


12.1.1 To 25 ml of sample, add calcium hypochlorite solution (Section 1 0.15) drop 


SOLUTIONS P. I G H 'T P A P ·r l\! E H 
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1 2 .1.2 


wise with agitation. Continue adding the calcium hypochlorite solution until 
an excess of chlorine is present as indicated with the potassium iodide starch 
paper turning blue. Pretreatment must be conducted in a hood as toxic 
cyanogen chloride gas can be produced. 
While maintaining excess chlorine, agitate for one hour. Test the sample with 
potassium iodide starch paper and a pH strip every 1 5 minutes to ensure that 
the sample is maintaining excess chlorination and the proper pH. Add 
additional calcium hypochlorite solution if necessary. 


12.1.2.1 Pour the sample into a 60ml opaque amber vessel equipped with a 
stir bar. Loosely cap the sample and place on a stir plate and stir 
for an hour. 


12.1 .3 After one hour, add 8 drops 3% Hydrogen Peroxide and 4 drops 500g/L 
sodium thiosulfate solution until the potassium iodide starch paper shows no 
residual chlorine. Add a small excess of sodium thiosulfate to ensure the 
presence of excess reducing agent. 


12.1.4 Analyze the total cyanide concentration for both the chlorinated and the un
chlorinated sample. 


12.1.5 Cyanide amenable to chlorination is the total cyanide concentration in the un
chlorinated sample minus the cyanide concentration in the chlorinated 
sample. 


12.2 Pretreatment for samples containing hydrogen sulfide: 


12.2.1 If a drop of sample on lead acetate test paper moistened with acetate buffer, 
indicates the presence of sulfide. Take 2 5 ml more of the stabilized sample 
(pH~ 1 2) than the volume required for cyanide determination. 


1 2.2 .2 When particulate, metal cyanide complexes are suspected, filter solution before 
removing 52. Reconstitute sample by returning filtered particulates to the sample 
bottle after 52 removal. Homogenize particulates before analyses. 


12.2 .3 Treat with powdered cadmium carbonate. Yellow cadmium sulfide 
precipitates if the sample contains sulfide. Avoid a large excess of cadmium 
and long contact times to minimize cyanide loss from complexation or 
occlusion on the precipitated material. 


12.2 .4 Filter the sample and discard the cadmium sulfide precipitate. 
12.2.5 Repeat this procedure until a drop of the treated sample solution does not 


darken the lead acetate test paper. 


12.3 Distillation (All Determinations) 


12.3 .1 
12.3.2 
12.3.3 


12.3.4 


12.3.5 


12.3.6 


12.3.7 


If sample matrix is a solid, proceed to section 12.3.4. 
If sample matrix is water, proceed to section 1 2.3 .6. 
If sample is to be tested for weak acid dissociable cyanide, proceed to section 
12.3.6. 
Weigh 2.5 g of the solid sample and transfer into an appropriately labeled 
5impleDist boiling tube and dilute with 25ml of Dl water. 
Add 25m I of the sample or an aliquot diluted to 25m I (with Dl water) to an 
appropriately labeled SimpleDist boiling tube. Add several boiling chips and 
proceed to Section 12.3.6. 
Check each sample for chloride using potassium iodide starch test paper. 
Add 0.02g/L sodium thiosulfate drop-wise to any sample that is positive for 
chloride. Re-test for presence of free chlorine. 
Insert the port liner into the green screw cap with a double layer of 0-rings 


R C~ 1~1 S 0 L 
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and screw the assembly onto the top of the boiling tube (one 0-ring above the 
port liner and one 0-ring below the port liner). 


12.3.8 Assemble the reagent inlet tube with funnel tip and insert into the smaller 
port on the cap. 


12.3.9 Pipette 20ml of 0.25N NaOH into a properly labeled collection trap and attach 
to the glassware assembly. Attach the vacuum tubing to the collection trap. 


12.3.1 0 Repeat steps 12.3.7 through 12.3.9 for each sample to be distilled. 
12.3.11 Turn on the vacuum and slowly adjust each valve to provide a rate of 1 0-1 5 


bubbles per second for each position as viewed through the collection trap. 
(Note: Monitor the vacuum to insure that a backpressure does not build 
up in the boiling tube.) 


12.3.12 If determining WAD cyanide, proceed to Section 12.3.17. Otherwise, continue 
to Section 1 2 . 3 . 1 3 . 


12.3.13 Add 2.5 ml of sulfamic acid solution (1 0.1 0) through the reagent inlet and 
allow mixing. 


12.3.14 Slowly add 2.5 ml of 18N sulfuric acid (1 0.3) through the reagent inlet tube 
and allow mixing. 


12.3.15 Add 1 ml of magnesium chloride solution (1 0.9) to each sample through the 
reagent inlet tube and allow mixing. If excessive foaming occurs, add an 
additional 1 mi. 


12.3.16 Proceed to Section 12.3.18 
1 2.3 .1 7 If the sample is to be tested for WAD cyanide: 


12.3.17.1 Add 1 ml of the acetate buffer (1 0.27) 
12.3.17.2 Add 1 ml of the zinc acetate solution (1 0.29) 
12.3.17.3 Add 3 drops ofthe methyl red indicator solution (10.31). The 


solution should have a pink color to it at this point. If it is not pink, 
add 1 +9 acetic acid solution (1 0.2 5) drop-wise until a pink color 
persists. 


12.3.18 Turn on the hot block and set the temperature to 125° C. 
12.3.19 The block will climb in temperature for 30 minutes. Heat for one hour after 


the block has achieved temperature. 
12.3.20 After 1.5 hours, remove the vacuum tubes from each collection trap and 


remove the collection trap from the glassware assembly. (Note: The vacuum 
must remain on.) 


12.3.21 When all collection traps are removed, turn off vacuum. 
12.3.22 Bring volume of the distillates up to the 25m I collection mark on the 


collection trap with 0.25N NaOH. 


1 2.4 Spectrophotometric Determination by Lachat Quickchem™ 8500: 


12.4.1 
12.4.2 
12.4.3 
12.4.4 


12.4.5 


1 2 .4.6 
12.4.7 


All reagents should be warmed to room temperature before use. 
Turn on the QC 8500 and enter the Omnion™ software. 
Input appropriate parameters as outlined in the Appendix section 21. 
Set up the cyanide manifold as detailed in the appropriate cyanide diagram 
(section 21) 
Transfer aliquots of distilled samples to 1 5 ml glass sample tubes and place 
in auto-sampler racks. All dilutions must be made using 0.25N NaOH. 
Click START to initiate manifold heating (Lachat = 60°C) and sample injection. 
Print out report upon completion. 


PAP'T'l\l E 
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1 3.1 For information on system maintenance and troubleshooting, refer to the 
Troubleshooting Guide in the System Operation Manual. This guide is also available 
on request from Lachat. 


14) Data Acquisition 


14.1 All preparatory data must be recorded in the Cyanide Prep logbook. 


14.2 All printouts from the Omnion™ software must be retained for validation. 


14.3 Typical Analytical Sequence 


14.3.1 Calibration curve- first-source standard 
Initial Calibration Verification (ICV) - second-source standard 
Low-Level ICV (LLICV)- first-source standard 
Initial Calibration Blank (ICB) 
Continuing Calibration Verification (CCV) - first-source standard 
Continuing Calibration Blank (CCB) 
Method Blank (MB) 
Laboratory Control Sample (LCS) -first-source standard 
Field Samples 
Matrix Spike (MS) - first-source standard 
Matrix Spike Duplicate (MSD) -first-source standard 
Continuing Calibration Verification (CCV) - first-source standard 
Continuing Calibration Blank (CCB) 


1 5) Calculation, and Data Reduction Requirements 


1 5.1 Cyanide Calculation (Spectrophotometric Determination- Lachat) 


1 5.1 .1 Cyanide concentration calculations are performed by the integration of peak 
areas versus an established calibration curve obtained utilizing the Omnion™ 
software in the form of: Area= Slope * Concentration + Intercept. 


15.1 .2 In the event that manual integration is required, all integrations must be 
completed according to the procedures documented in SOP HN-QS-016, 
Manual Integration. 


1 5.2 QC Calculations: LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations: 
15.2.1 %Recovery, %R (forMS and MSD Samples) 


Where: 


%R = (SSR-SR)xlOO 
SA 


SSR =Spiked Sample Result (mg/L or mg/kg). 
SR = Sample Result (unspiked). 
SA = Spike Amount Added (mg/L or mg/kg). 
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1 5.2 .2 % Recovery, %R (for standards and LCS) 


Where: 


(ssR) 
%R=--x100 


SA 


SSR =Spiked Sample Result (mg/L or mg/kg). 
SA = Spike Amount Added (mg/L or mg/kg). 


1 5.2.3 RPD (for precision or duplicate evaluation) 


Where: 


RPD = ISR 1 - SR 21 X 100 
Yz(SR 1 + SR 2 ) 


SR =Sample result for duplicate 1. 
1 


SR
2 


=Sample result for duplicate 2. 
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16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Initial Calibration 


16.1 .1 An initial calibration must be completed prior to processing samples. 
16.1 .2 The calibration curve must yield a linear regression correlation coefficient 


~0.995. 
16.1 .3 The initial calibration must be verified with a mid-level second source 


standard and a low level standard at the reporting limit. 
16.1 .4 All samples associated with a failed initial calibration or second source 


verification must be re-processed. If samples cannot be re-processed, all 
associated results must be reported as unusable. 


16.2 Initial Calibration Verification (ICV) 


16.2.1 An ICV must be run immediately following the initial calibration. The ICV 
must be a second source standard spiked near the midpoint of the calibration 
curve. 


16.2.2 Must meet accuracy performance criteria of 90-110% of the true value. 
16.2.3 If the ICV falls outside of acceptable criteria, perform any needed corrective 


action and re-analyze the initial calibration. 
16.2.4 All samples associated with a failed second source verification must be re


processed. If samples cannot be re-processed, all associated results must be 
reported as unusable. 


16.3 Low-Level Initial Calibration Verification (LLICV) 


16.3.1 A LLICV must be run immediately following the ICV. The LLICV must be a 
standard spiked at the reporting limit of the calibration curve. 


16.3 .2 Must meet accuracy performance criteria of 60-140% of the true value. 
16.3.3 If the LLICV falls outside of acceptable criteria, perform any needed corrective 


action and re-analyze the initial calibration. 
16.3.4 All samples associated with a failed LLICV must be re-processed. If samples 


cannot be re-processed, all associated results must be reported as unusable. 
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16.4 Initial/Continuing Calibration Blank (ICB/CCB) 
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16.4.1 A calibration blank must be processed at the beginning of the analytical run, 
after every 1 0 samples, and at the end of the analytical run. 


16.4.2 The ICB/CCB should be less than the MDL. 
16.4.3 All samples must be re-processed if associated with a CCB indicative of 


instrument drift. If samples cannot be re-processed, all associated results 
must be flagged and narrated as to possible bias. 


16.4.4 Preparation: Straight 0.25N NaOH solution. 


16.5 Continuing Calibration Verification (CCV): Non-distilled for Spectrophotometric 
Determination 


16.5.1 Continuing calibration verification must be completed at the beginning of the 
analytical run, after every 10 samples, and at the end of the analytical run. 


16.5.2 The CCV concentration must fall near or below the mid-point of the 
calibration curve. 


16.5 .3 Must meet accuracy performance criteria of 90-11 0% of the true value. 
16.5.4 The CCV should be prepared from the same source standard as the 


calibration curve. 
16.5.5 The calibration verification and the laboratory control sample (LCS) may be 


used interchangeably, but must meet the most stringent recovery criteria. 
16.5.6 If the CCV falls outside of acceptable criteria, perform any needed corrective 


action and re-analyze all samples since the last acceptable CCV. (If the CCV 
fails high and all associated samples are non-detect, results may be reported.) 


16.5.7 Preparation: Pipet 4 ml of cyanide working check standard solution (1 0.22) 
into a 250 ml volumetric flask. Bring up to volume with 0.25N NaOH solution. 
Resulting concentration is 0.2 mg/L. 


1 6.6 Method Blank 


16.6.1 A method blank must be processed with each analytical batch or every 20 
samples, whichever occurs first. 


16.6.2 The method blank must be: 


16.6.2.1 <~the PQL, or 
16.6.2.2 < 5% the sample concentration, or 
16.6.2.3 < 5% of the regulatory limit. 


16.6.3 All samples associated with a failed method blank must be re-processed. If 
the samples cannot be re-processed, all associated analytical results must be 
flagged and narrated as to possible bias. 


16.6.4 Preparation: Add 25 ml of Dl water to the SimpleDist boiling tube. 


1 6. 7 Laboratory Control Sample (LCS) 


16.7.1 A LCS must be processed with each analytical batch or every 20 samples, 
whichever occurs first. 


16.5 .1 .1 The LCS must be spiked minimally at the mid-level of the 
calibration curve. 


16.7.2 Recovery of the LCS samples must fall within the LIMS specified criteria. 
16.7.3 All samples associated with a failed LCS must be re-processed. If samples 


cannot be re-processed, all associated samples must be flagged and narrated 
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as to possible bias. 
16.7.4 Preparation: 


16.7.4.1 LCS@0.25 mg/L 


16.7.4.2 Pipet 0.5 ml of 12.5 mg/L cyanide stock standard (1 0.19) into a 
SimpleDist boiling tube. Bring up to 2 5 ml with Dl water. 


16.8 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 


16.8.1 


16.8.2 
16.8.3 
16.8.4 


A MS/MSD must be processed with each analytical batch or every 1 0 samples, 
whichever occurs first. 
Recovery of the MS/MSD should fall within LIMS specified criteria. 
RPD of the MS/MSD must fall within LIMS specified criteria. 
MS/MSD failure: 


16.8.4.1 Samples associated with a failed MS/MSD must be reviewed for 
possible systemic error. 


16.8.4.2 If MS/MSD criteria are not achieved, no systemic error is 
determined, and the LCS criteria fall within acceptance criteria, the 
analytical results may be reported. Reported results should be 
narrated as to possible matrix bias. 


16.8.4.3 If MS/MSD criteria are not achieved, systemic error is suspected 
and/or LCS criteria are not achieved, all associated samples must 
be re-processed. If samples cannot be re-processed, all associated 
samples must be flagged and narrated as to possible bias. 


16.8.5 Preparation: 


16.8.5.1 Spectrophotometric@ 0.25 mg/L 


16.8.5.1.1 Pipet 0.5 ml of 12.5 mg/L cyanide stock standard 
(1 0.19) into a SimpleDist boiling tube. Bring up to 25 
ml with sample. 


16.9 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


1 7) Data Records Management 


1 7.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks. If not-applicable then line 
out the section. "Z" out or "X" out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data. 
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17.4 


17.5 


17.6 


17.7 


Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


Logbooks must be reviewed monthly by the department supervisor. 


Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


1 8.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible. 


1 8.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated. This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate). 


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data. 


1 8.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


19) Method Performance 


20) 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data. 


1 9.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 
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(Macro Distillation Method) in Waters, Lachat Applications Group, Loveland, CO., 
8/28/2000. 
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Figure 1 - SimpleDist Assembly 


Figure 2 - SimpleDist Boiling Tube Assembly 


Data System Parameters for Lachat Quickchem™ 8000 


Lachat Cyanide Manifold Diagram 
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DATA SYSTEM PARAMETERS FOR LACHAT QUICKCHEM™ 8000 


The timing values listed below are approximate and will need to be optimized using graphical 
events programming. 


Sample throughput: 
Pump Speed: 
Cycle Period: 


Analyte Data: 


Concentration Units: 
Peak Base Width: 
% Width Tolerance: 
Threshold: 
Inject to Peak Start: 
Chemistry: 


Calibration Data: 


Level 


Calibration Rep Handling: 
Calibration Fit Type: 
Weighting Method: 
Force through zero: · 


Sampler Timing: 


Min. Probe in Wash Period: 
Probe in Sample Period: 


Valve Timing: 


Load Time: 
Load Period: 
Inject Period: 


80 samples/h, 45s/sample 
35 
45 


mg CN-/L 
39 s 
100 
25000 
24 s 
Direct 


Replace 
1st Order Polynomial 
1/X 
No 


14 s 
20 s 


Os 
20 s 
25 s 


'T' 
i 
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17.3. CYANIDE MANIFOLD DIAGRAM 


PUMP FLOW 
Probe Rinse 


gray 


orange 


orange 


CARRIER 
ye ow 
SAMPLE 
green 


Carrier: 
Manifold Tubing: 
AE Sample Loop: 


QC8000 Sample Loop: 
Interference Filter: 


pyridine/barbituric acid 


chloramine-T 


hos hate buffer 


./------. to port 6 of next valve 
or waste 


0.25M sodium hydroxide solution (Reagent 1). 
0.8 mm (0.032 in) i.d. This is 5.2 f-LL/cm. 
150 em x 0.8 mm i.d. 
150 em x 0.8 mm i.d. 
570nm 
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flowc:ell 


Note 1 


Apparatus: An injection valve, a 10 mm path length flow cell, and a colorimetric detector 


module is required. The ~shows 650 em of tubing wrapped around the 
heater block at the specified temperature. 


4.5: 70 em of tubing on a 4.5 em coil support 


Note 1: 200 em backpressure loop, 0.52 mm i.d. 
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1) Scope and Applicability 


Metals by ICP-MS 
HN-MET-008-RO? 
Effective: 10/01/2013 
Page 1 of 34 


1 .1 Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable to the 
determination of a large number of elements as either dissolved (aqueous only) or 
total metals. 


1 .2 This method is applicable to a variety of matrices including: drinking water, non
potable water, solid/chemical materials, and biological tissue. 


1 .3 ICP-MS has been applied to the determination of over 60 elements in various matrices. 
The method is applicable to analytical ranges of approximately 0.005 mg/L to 900 
mg/L for aqueous matrices and 0.5 mg/kg to 900 mg/kg for solid matrices. 


1 .4 Method detection limits, quantitation limits, and linear ranges will vary with matrices, 
instrumentation, and operating conditions. 


1 .5 SW-846 Method 6020A is used to determine the analytes listed in Tables 20.1-A. This 
table lists more elements than the current version of Method 6020A. The additional 
elements are included based upon results of demonstrations of precision and accuracy 
and completion of method detection limit studies for aqueous and solid matrix. 


1.6 Method 200.8 is used to determine the analytes listed in Table 20.1-B. This table lists 
more elements than the current version of Method 200.8. The additional elements are 
included based upon results of demonstrations of precision and accuracy and 
completion of method detection limit studies for aqueous matrix. 


1 .7 Internal standards are used for each analyte determined by ICP-MS. The internal 
standard mix used consists of 6Li, 45Sc, 89Y, 115 ln, 159Tb, 165Ho, and 2098i. 89Y is used for 
analysis in helium gas mode. 


2) Summary of Procedure 


2.1 Prior to analysis, samples that require total ("acid-leachable") values must be digested 
using appropriate sample preparation methods as specified in SOP HN-MET-009 and 
HN-MET-01 0, Metal Digestion in Solid and Aqueous Matrices for ICPMS. 


2.2 Analyte species originating in a liquid are nebulized and the resulting aerosol 
transported by argon gas into the plasma torch. Ions are produced by radio frequency 
inductively coupled plasma, entrained in the plasma gas, and introduced into a mass 
spectrometer. The ions are sorted according to their mass-to-charge ratios and 
quantified with a channel electron multiplier. Interferences must be assessed and valid 
corrections applied. Interference correction must include compensation for 
background ions contributed by the plasma gas, reagents, and constituents of the 
sample matrix. 


3) Definitions 


3.1 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest. 


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 


N 
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and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix. 


Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix. 


Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process. 


Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL). 


Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 1 36, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes. 
The minimum concentration of an analyte that can be identified, measured, and 
reported with 99% confidence that the analyte concentration is greater than zero. 


Standard Curve: A plot of concentrations of known analyte standards versus the 
instrument response to the analyte. 


Internal Standard: A known amount of standard added to a test portion of a sample 
and carried through the entire measurement process as a reference for evaluating and 
controlling the precision and bias of the analytical test method. 


Linear Dynamic Range (LOR): The concentration range through which the instrument 
response is linear. 


Low-Level Quality Control sample (LLQC): A clean matrix sample spiked at the MQL 
and carried through the entire preparation and analysis process. 


Low-Level Initial Calibration Verification (LLICV): A sample spiked at the MQL, used to 
validate the lower end of the initial calibration. 


Low-Level Continuing Calibration Verification (LLCCV): A sample spiked at the MQL 
and analyzed periodically throughout an analytical sequence, monitoring continued 
performance of the lower end of a calibration. 


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory. In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals. 


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
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handling sheets (MSDS) is available to all personnel involved in these analyses. 


Waste Management: The principal wastes generated by this procedure are the method
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required. Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed. 


5) Cautions 


5.1 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Typical routine maintenance includes 
inspection and replacement of sample delivery tubing. Maintenance performed shall be 
recorded in a dedicated instrument maintenance logbook. Refer to HN-EQ-004 for 
additional information. 


6) Interferences 


6.1 Isobaric elemental interferences in ICP-MS are caused by isotopes of different elements 
forming ions with the same nominal mass-to-charge ratio (m/z) as those being 
monitored. A data system must be used to correct for these interferences. This 
involves determining the signal for another isotope of the interfering element and 
subtracting the appropriate signal from the analyte isotope signal. Such corrections 
will only be as accurate as the accuracy of the isotope ratio used in the elemental 
equation for data calculations. Isotope ratios should be established prior to the 
application of any corrections. 


6.2 Isobaric molecular and double-charged ion interferences in ICP-MS are caused by ions 
consisting of more than one atom or charge, respectively. Most isobaric interferences 
that could affect ICP-MS determinations have been identified in the literature [3,4]. 
Examples include ArCI+ ions on the 75As signal and MoO+ ions on the cadmium 
isotopes. While the approach used to correct for molecular isobaric interferences is 
demonstrated below using the natural isotope abundances from the literature [5], the 
most precise coefficients for an instrument can be determined from the ratio of the net 
isotope signals observed for a standard solution at a concentration providing suitable 
(<1 percent) counting statistics. Because the 35CI natural abundance of 75.77 percent is 
3.13 times the 37CI abundance of 24.23 percent, the chloride correction for arsenic can 
be calculated (approximately) as follows (where the 38Ar37CI+ contribution at m/z 75 is a 
negligible 0.06 percent of the 40Ar35CI+ signal): corrected arsenic signal (using natural 
isotopes abundances for coefficient approximations)= (m/z 75 signal)- (3.13) (m/z 
77 signal) + (2. 73) (m/z 82 signal), (where the final term adjusts for any selenium 
contribution at 77 m/z). 


NOTE: Arsenic values can be biased high by this type of equation when the net signal at m/z 82 is caused 
by ions other than 82Se+, (e.g., 81BrF from bromine wastes [6]). 


6.3 The accuracy of these types of equations is based upon the constancy of the OBSERVED 
isotopic ratios for the interfering species. Corrections that presume a constant 
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fraction of a molecular ion relative to the "parent" ion have not been found to be 
reliable, e.g., oxide levels can vary. If a correction for an oxide ion is based upon the 
ratio of parent-to-oxide ion intensities, the correction must be adjusted for the degree 
of oxide formation by the use of an appropriate oxide internal standard previously 
demonstrated to form a similar level of oxide as the interferent. This type of 
correction has been reported for oxide-ion corrections using ThO+/Th+ for the 
determination of rare earth elements. The use of aerosol de-solvation and/or mixed 
plasma has been shown to greatly reduce molecular interferences. These techniques 
can be used provided that method detection limits, accuracy, and precision 
requirements for analysis of the samples can be met. 


Physical interferences can be associated with sample nebulization and transport 
processes as well as with ion-transmission efficiencies. Nebulization and transport 
processes can be affected if a matrix component causes a change in surface tension 
viscosity. Changes in matrix composition can cause significant signal suppression or 
enhancement. Dissolved solids can deposit on the nebulizer tip of a pneumatic 
nebulizer and on the interface skimmers (reducing the orifice size and the instrument 
performance). Total solid levels below 0.04% (400 mg/L) are recommended to 
minimize solid deposition. An internal standard can be used to correct for physical 
interferences, if it is carefully matched to the analyte so that the two elements are 
similarly affected by matrix changes. When completing analysis by Method 6020A, if 
the intensity level of an internal standard falls below 70 percent of the intensity of the 
calibration standard used for reference, the sample must be reanalyzed after a fivefold 
(1 +4) or greater dilution has been performed. When completing analysis by Method 
200.8 and the intensity of the internal standard is less than 60 percent or greater than 
12 5 percent of the intensity of the calibration standard used for reference, the sample 
must be reanalyzed after a fivefold (1 +4) or greater dilution has been performed. 


Memory interferences can occur when there are large concentration differences 
between samples or standards that are analyzed sequentially. Sample deposition on 
the sampler or skimmer cone, spray chamber design, and the type of nebulizer affects 
the extent of the memory interferences that are observed. The rinse period between 
samples must be long enough to eliminate significant memory interference. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities- This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst- It is the responsibility of the analyst(s) to: 


7.2.1 Each must read and understand this SOP and follow it as written. Any 
deviations or non-conformances must be documented and submitted to the 
QA Manager for approval. 


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009). 


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor- It is the responsibility of the section supervisor to: 
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Ensure that all analysts have the technical ability and have received adequate 
training required to perform this procedure. 
Ensure analysts have completed the required initial demonstration of 
proficiency before performing this procedure without supervision. 
Ensure analysts complete an ongoing demonstration of proficiency annually 
when continuing to perform the procedure. 
Ensure analysts produce method compliant data that meet all quality 
requirements using this procedure and the Data Reduction, Review and 
Validation SOP. 


7.4 Project Manager- It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


7.5.1 Approving deviations and non-conformances 
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements, 
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Aqueous samples shall be collected in 500 ml plastic containers and preserved to a pH 
of <2 with HNO 


3. 


8.2 Dissolved metal analyses shall be field filtered through a 0.451J filter and preserved to 
a pH of <2 with HN0


3
• Filtering should be completed in the field at time of sampling. 


8.3 Sample pH should be verified at time of sample receipt and adjusted if necessary. 


8.3.1 If adjusted at time of receipt, the sample shall be stored for a period of 24 
hours after which the pH adjustment will be verified. 


8.4 Soil samples should be collected in 4 oz wide mouth plastic containers. 


8.5 Samples may be stored at room temperature. The holding time is six months for 
aqueous and solid matrices. 


9) Equipment and Supplies 


9.1 Inductively coupled plasma-mass spectrometer (Agilent 7500ce): Capable of providing 
resolution, better than or equal to 1 .0 amu at 5% peak height. The system must have a 
mass range from at least 5 to 2 50 amu and a data system that allows for corrections of 
isobaric interferences and the application of the internal standard technique. Use of a 
mass-flow controller for the nebulizer argon/helium and a peristaltic pump for the 
sample solution is required. 


9.2 Various Class A volumetric flasks: 1 0.0, 25, 50, 100, 250, etc. 


9.3 Variable volume pipettes: 1 .0 and 5.0 mi. 


1 0) Standards and Reagents 
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10.1 Argon gas supply: High-purity grade (99.99%). 


10.2 Helium gas supply: High-purity grade (99.99%). 


1 0.3 Nitric acid, concentrated (trace metal grade) 


1 0.4 Hydrochloric acid, concentrated (trace metal grade) 


Note: Acids used in the preparation of standards and samples for ICP-MS must be of high purity. Re-distilled 
acids are recommended due to the high sensitivity of the instrumentation. 


10.5 Diluent Solution 


1 0.5.1 Prepare as a solution containing 5% HN03 - 1% HCI. 
1 0.5.2 Prepare fresh daily. 


10.6 Stock Spike Standards: 


1 0.6.1 Metals Mix standard w/ Ag, AI, As, Ba, Be, Cd, Co, Cr, Cu, Li, Mn, Mo, Ni, Pb, 
Sb, Se, Sr, Sn, Tl, V, and Zn @ 1 0 mg/L and Fe, K, Ca, Na, and Mg @ 1 000 
mg/L and Bat 50 mg/L. (available from VHG ZALSLAB901-500 or equivalent) 


1 0.6.2 Ti and Si Spike Stock@ 1 000 ppm (available from Environ metal Express) 


1 0.6.2.1 Single Element Working Spike Ti@ 10 mg/L and Si@ 50 mg/L. 


1 0.6.2.1.1 Add 5 ml Ti and 25 ml Si Stock to 300 ml Dl water in a 
500 ml volumetric flask. 


1 0.6.2.1 .2 Acidify with 10 ml Nitric and 5 ml Hydrochloric acid. 
1 0.6.2.1 .3 Bring to final volume with Dl water. 


1 0.6.3 Low-level Metals Mix Standard I w/ As, Ba, Cr, Co, Cu, Pb, Mn, Ni, Se, Ag, Sr, 
Ti, and V@ 0.5 mg/L and Be and Cd@ 0.2 mg/L and AI, Li, and Zn@ 1.0 
mg/L and B@ 2.0 mg/L and Fe@ 8.0 mg/L and Mg, K, and Na@ 20 mg/L 
and Ca@ 50 mg/L. (available from VHG ZALSLAB11 03-1 00 or equivalent) 


1 0.6.4 Low-level Metals Mix Standard II w/ Sn@ 0.2 mg/L and Sb, Mo, and Ti @ 0.5 
mg/L. (available from VHG ZALSLAB11 04-1 00 or equivalent) 


1 0. 7 Initial Calibration Stock Standards (available from SPEX or equivalent): 


1 0. 7.1 


1 0.7.2 
1 0.7.3 
1 0. 7.4 
1 0.7.5 
1 0.7.6 
1 0.7.7 
1 0.7.8 
1 0.7.9 


Stock 1: 20 mg/L- Ag, AI, As, Ba, Be, Cd, Co, Cu, Cr, Mn, Mo, Ni, Pb, Sb, Se, 
Tl, V, Zn, 
Stock 2: 1 ,000 mg/L- B 
Stock 3: 1 ,000 mg/L - Fe, K, Ca, Na, Mg 
Stock 4: 1 ,000 mg/L _ Sr 
Stock 5: 1 ,000 mg/L - Ti 
Stock 6: 1 ,000 mg/L- Sn 
Stock 7: 1 ,000 mg/L- Li 
Stock 8: 1 ,000 mg/L - Si 
Stability of stock standards shall be consistent with the manufacturer's 
expiration date. 


1 0.8 Intermediate Stock Standard forB and Si @ 1 00 mg/L and Sr, Ti, Sn @ 1 0 mg/L and Li 
@50 mg/L: 


1 0.8.1 Add approximately 40 mL of Dl water to (3) 50 mL volumetric flasks. Acidify 
each using 2 mL Nitric acid and 0.5 mL Hydrochloric acid. 


10.8.2 Quantitatively add 0.5 mL each of Stock 4, 5, and 6 (from Section 10.7) to first 
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1 0.8.3 Quantitatively add 5.0 ml of Stock 2 and 8 (from Section 1 0.7) to the second 
flask. 


1 0.8.4 Quantitatively add 2.5 ml of Stock 7 (from Section 1 0.7) to the third flask. 
1 0.8.5 Bring each to a final volume of 50 ml with Dl water. 
1 0.8.6 The intermediate stock standard is stable for a period of 6 months. The 


expiration date may not exceed that of any parent solution. 


1 0.9 Working Initial Calibration Standards: 


1 0.9.1 Working Calibration Stock Standard 


1 0.9.1.1 Add approximately 125 ml of Dl water to a 200 ml Class A 
volumetric flask. Acidify with 8 ml Nitric acid and 2 ml 
Hydrochloric acid. 


1 0.9.1.2 Add 10 ml of Stock 3 (Section 1 0.7.3), 10 ml of Sr, Ti, Sn, 
intermediate stock (Section 1 0.8.2), 5 ml of B, Si intermediate stock 
(Section 1 0.8.3), 2 ml of Li intermediate stock (section 1 0.8.4), and 
5 ml of Stock 1 (Section 1 0. 7 .1). 


1 0.9.1 .3 Bring to a final volume of 200 ml with Dl water. 
1 0.9.1 .4 The working standard must be replaced weekly and the expiration 


date may not exceed that of any parent solution. 


1 0.9.2 Calibration Standards 


1 0.9.2.1 Prepare, at a minimum, five (5) initial calibration standards from the 
Working Calibration Stock Standard (Section 1 0.9.1) as detailed in 
Table 1 0.9.2. 


1 0.9.2.2 Calibration Standards are to be prepared on a daily basis. 


Table 10.9.2 
Standard Amount of Working Final Volume Final Concentration 


Calibration Stock 
(Note 1) (Note 2) 


Level I Oml 50ml 0 Jlg/L 
Level II 1.0 mL of Level V 50ml 0.2 Jlg/L 
Level III 1.0 ml of Level VII 50ml 2 Jlg/L 
Level IV 2.5 ml of Level VII 50ml 5 Jlg/L 
Level V 5.0 ml of Level VII 50ml 10 Jlg/L 
Level VI 5ml 50ml 50 Jlg/L 
Level VII 10ml 50ml 100 Jlg/L 
Level VIII 20ml 50ml 200 Jlg/L 


Note (1): Additional standards may be added to extend the calibration range. 
Note (2): All standards must be adjusted to a final acid concentration of 4% HN03 and 1% 


HCl solution. 


10.10 Stock Calibration Check Solutions (ICS): 


10.10.1 ICS1: Ag, AI, As, Ba, Be, Cd, Co, Cr, Cu, Mn, Ni, Pb, Sb, Se, Tl, V, Zn@ 10 
mg/L. (available from SPEX) 


10.10.2 ICS3: Ca, Fe, K, Mg, Na@ 200 mg/L. (available from SPEX) 
10.1 0.3 ICSS: Mo, Sn, Sr, Ti @ 1 0 mg/L. (available from SPEX) 
10.1 0.4 Boron and Si @ 1 ,000 mg/L. (available from Environmental Express or 


equivalent) 
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1 0.1 0.4.1 Boron and Si Working Solution @ 50 mg/L 


10.1 0.4.1 .1 Add approximately 40 ml of Dl water to a 50 ml Class A 
volumetric flask. Acidify with 2 ml Nitric acid and 0.5 ml 
Hydrochloric acid. 


10.1 0.4.1.2 Add 2.5 ml of the 1,000 mg/L Boron standard and 2.5 ml 
of the 1,000 mg/L Si standard (Section 10.1 0.4). 


10.1 0.4.1 .3 Bring to a final volume of 50 ml with Dl water. 
1 0.1 0.4.1 .4 Solution is stable for a period of 6 months 


10.1 0.5 Lithium @ 1 ,000 mg/L. (available from Environmental Express or equivalent) 


10.1 0.5.1 Lithium Working Solution@ 1 Omg/L 


10.1 0.5.1.1 Add approximately 40 ml of Dl water to a 50 ml Class A 
volumetric flask. Acidify with 2 ml Nitric acid and 0.5 ml 
Hydrochloric acid. 


10.1 0.5.1 .2 Add 0.5 ml of the 1 ,000 mg/L Lithium standard (section 
10.10.5). 


10.1 0.5.1 .3 Bring to a final volume of 50 mL with Dl water. 
10.1 0.5.1.4 Solution is stable for a period of 6 months. 


1 0.11 Initial Calibration Verification (ICV /CCV) Solution: 


1 0.11 .1 Working ICV /CCV Solution @ 1 00/1 0000/1 00/500 ug/L for ORS Method and 
80/8000/80/400 for CLP Method ICV only. 


1 0.11.1.1 Add 500 I-ll ICS1 (Section1 0.1 0.1), 2.5 mi1CS3 (Section 10.1 0.2), 
500 I-ll ICS5 (Section 1 0.1 0.3), 500 I-ll of boron/silica working 
solution (Section 1 0.1 0.4.1 ), and 500 I-ll Lithium working solution 
(Section 1 0.1 0.5 .1) to a 50 ml Class A volumetric flask. All of these 
spike volumes are reduced by 80% for CLP Method. 


10.11 .1 .2 Bring to volume with diluent solution (Section 1 0.5) 
10.11.1.3 Prepare fresh daily. 


1 0.11 .2 The stock standard(s) for the ICV solution must be obtained from a second 
source supplier or, if purchased from the same supplier, be a different 
solution warrantied to be prepared from a different lot of parent constituents. 


1 0.1 2 Low-Level Initial Calibration Verification solution (LLICV /CCV) spike@ MQL: 


10.12.1 Add approximately 40 mL Dl water to a 50 mL volumetric flask and acidify 
with 2 mL Nitric acid and 0.5 mL Hydrochloric acid. 


10.12.2 Pipet 0.5 mL Low-Level Metals mix standard I (section 1 0.6.3) and 0.5 mL 
Low-Level Metals mix standard II (section 1 0.6.4) 


10.12.3 Bring to volume with Dl water. 
10.12.4 Prepare fresh daily 


10.13 Initial Calibration Blank (ICB): 


10.1 3.1 Prepare reagent water with a 4% HN0
3 


& 1% HCI content. 
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Interference Check Sample A (ICSA) Stock Standard -Available from SPEX: Cl @ 1 0,000 
mg/L; C@ 2,000 mg/L; AI, Ca, Fe, K, Mg, NA, S@ 1 ,000 mg/L; Mo, Ti@ 20 mg/L. 


1 0.1 5 Interference Check Sample A (ICSA) Working Standard 


10.1 5.1 Add 2.5 ml of ICSA (Section 1 0.14) to a 50 ml Class A volumetric flask. 
1 0.1 5.2 Dilute to 50 ml with diluent solution (Section 1 0. 5). 
10.1 5.3 Prepare weekly. 


1 0.16 Interference Check Sample AB (ICSAB) Working Standard 


10.16.1 Prepare same as CCV (Section 10.11 .1) not bringing to final volume. 
10.16.2 Add 2.5 ml ICSA (Section 1 0.14) 
10.16.3 Dilute to 50 ml with diluent solution (Section 1 0.5). 
10.16.4 Prepare weekly. 


1 0.1 7 Linear Dynamic Range (LOR) Check Solution 


10.1 7.1 Add 10 ml Stock Spike (Section 1 0.6.1 and 1 0.6.2) to a 50 ml Class A 
volumetric flask. 


10.17.2 Bring to volume with diluent (Section 1 0.5). 
10.17.3 This solution should be replaced weekly or if degradation is noted. The 


expiration date may not exceed that of any parent solution. 


1 0.1 8 Continuing Calibration Blank: 


1 0.1 8.1 Same as Section 1 0.1 3. 


1 0.1 9 Continuing Calibration Verification: 


1 0.19.1 Same as Section 1 0.11. 


1 0.20 Low-Level Continuing Calibration Verification: 


10.20.1 Same as Section 1 0.12. 


1 0.21 Internal Standard Stock Standard: 


10.21 .1 Yttrium @ 1 000 mg/L. Available from Environmental Express. 
1 0.21 .2 Multi-Element Mix containing Li, Sc, Y, In, Tb, Ho, and Bi@ 1 0 mg/L. Available 


from VHG Labs. 


1 0.22 Internal Standard -Working Solution: 


10.22.1 Add 5 ml of Multi-Element Mix (Section 10.21.2) and 500 fll ofY standard 
(Section 1 0.21 .1) to a 50 ml Class A volumetric flask. 


10.22.2 Bring to volume with diluent (Section 1 0.5). 
10.22.3 This solution should be replaced if degradation is noted. The expiration date 


may not exceed that of any parent solution. 


10.23 ICP-MS Tune Stock Solution: 


10.23.1 Tuning solution containing 10 mg/L of Be, Mg, Co, In, Ba, Ce, Li, Rh, Tl, U, Y, 
and Pb. 


10.24 ICP-MS Working Tune Solution@ 10 ppb: 


10.24.1 Dilute 1 ml of the ICP-MS tune stock solution (Section 10.23.1) to 1 L. 







Uncontrolled Document


10.25 


STANDARD OPERATING PROCEDURE 
Metals by ICP-MS 
HN-MET-008-RO? 
Effective: 10/01/201 3 
Page 10 of 34 


10.24.2 Working tune solution must be replaced every 6 months or if degradation is 
noted. The expiration date of this solution may not exceed that of its parent. 


Stock Spiking Solution: 


Multi-element standards documented in Sections 1 0.6.1 and 1 0.6.2 shall be used for 
spiking. 


1 0.2 5.1 Soil Spike: 


10.25.1 .1 A 500 J.LI volume of each spike solution is added to 0.5 gram of 
solid after transfer to the digestion vessel. Following digestion (HN
MET-009), the digestate is brought to a final volume of 50 mi. 
Theoretical spike value is the 1 00 mg/kg for the trace metals, 1 000 
mg/kg for Ca/Fe/Mg/Na/K, and 25 mg/kg forB and Si. 


1 0.2 5.2 Water Spike: 


1 0.25.2.1 A 500J.LI volume of spike solutions 1 0.6.1 and 1 0.6.2 is added to 
the 50.0 ml volume of aqueous sample after transfer to the 
digestion vessel. Following digestion (HN-MET-01 0), the digestate is 
brought to a final volume of 50.0 mi. Theoretical spike value is 0.1 
mg/L for the trace metals, 10 mg/L for Ca/Fe/Mg/Na/K, and 0.5 
mg/L for B and Si. 


11) Method Calibration 


11 .1 Start-up Procedure 


11 .1 .1 Visual check of instrument: 


11 .1 .1 .1 Inspect auto-sampler tubing; peristaltic pump tubing should be 
replaced daily. 


11 .1 .1 .2 Inspect sampling cone and skimmer cone for deposit build up; if 
build up is noticed, either clean or replace cone. 


11 .1 .1 .3 Verify argon gas flow; ensure there is 1 00 PSI coming into the 
instrument. 


11.1 .1 .4 Check vacuum pressure and oil levels. 
11.1 .1 .5 Check that the heat exchanger unit is turned on. 
11 .1 .1 .6 Record maintenance in routine maintenance logbook. 


11 .1 .2 Turn plasma on and let the instrument stabilize for approximately 30-45 
minutes. 


11 .1 .3 During stabilization, verify basic instrument operating parameters. These 
parameters should be set at approximately: 


11.1.3.1 RF power= 1500V 
11 .1 .3 .2 RF matching= 1 .8V 
11 .1 .3 .3 Peristaltic Pump = 0.1 rps 
11.1.3.4 S/C Temp= 2° C. 
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11.1.3.5 Small adjustments to the EM voltage and/or maintenance may be 
required to meet subsequent tuning specification. This may be 
done using the Autotune function in the software. 


11 .1 .4 After instrument stabilization, perform an instrument tune using the ICP-MS 
Tune solution (Section 1 0.24). This is a preliminary tune to evaluate 
performance across the operating mass range of the instrument. 


11 .1 .4.1 Analyze the ICP-MS tune solution in 5 replicates prior to the initial 
calibration. 


11 .1 .4.2 Adjust mass calibration such that the unit mass falls within ± 0.1 
amu of the expected value. 


11 .1 .4.3 Acceptance Criteria: 


11 .1.4.3.1 Resolution should be ...... 0.75 amu at 5% peak height, and 
must be <0.90 amu. 


11 .1.4.3.2 Mass calibration must be+/- 0.1 amu from the true value. 
11 .1 .4.3.3 Relative standard deviations (RSD) of absolute signals from 


the five replicates must be < 5% for all analytes. 
11 .1 .4.3 .4 Internal standard criteria are not applicable to the ICP-MS 


tune solution. 


11 .1.5 A P/A factor update shall be performed utilizing the 1 Oug/L standard 
incorporated in the initial calibration curve. This should be updated on a 
regular basis when a calibration curve begins to fail, a new calibration curve is 
used, and after instrument maintenance. 


11 .1 .6 A five-point calibration (minimally) must be conducted daily utilizing a 
calibration blank and four calibration standards (Section 1 0.9.2). 


11 .1 .6.1 All measurements must be based upon at least three integrations. 
11 .1 .6.2 Reported values must use the average of the multiple integrations. 
11 .1 .6.3 Results of the calibration blank must be < 3 times the current IDL 


for each element. 
11 .1 .6.4 Internal standard criteria must be achieved for all analyses. 


11 .2 Initial Calibration Curve: 


11.2.1 A linear regression (first order fit) of the instrument response versus the 
concentration of the standards is employed for subsequent quantitation. The 
instrument response is treated as the dependent variable (y) and the 
concentration as the independent variable (x). The regression will produce the 
slope and intercept terms for a linear equation in the form: 


y=ax+b 
Where: 
y = instrument response (peak area) 
a slope of the line (coefficient of x) 
x concentration of the calibration standard 
b = blank intercept 


11 .2 .2 The analyst should not force the line through the origin, but have the 
intercept calculated from the five data points. 


11.2.3 The regression calculation correlation coefficient (r) must be~ 0.998. 
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11 .3.1 The initial calibration must be verified utilizing a second source calibration 
verification standard at a concentration below the mid-point of the calibration 
curve (Section 1 0.1 1 ). 


11 .3 .2 The ICV must be run after each new initial calibration curve. 
11 .3.3 Must meet accuracy performance criteria of 90-110% as outlined in the 


applicable LIMS test code. 
11.3.4 Internal standard criteria must be achieved for the ICV analysis. 


11 .4 Low-Level Initial Calibration Verification (LLICV): 


1 1 .4.1 The LLICV is analyzed at the laboratory MQL to verify the lower end of the 
initial calibration. (Section 1 0.1 2) 


11 .4.2 The LLICV must be run after each new initial calibration 
11 .4.3 Must meet accuracy performance criteria of 70-1 30% as outlined in the 


applicable LIMS test code. 
11 .4.4 Internal standard criteria must be achieved for the LLICV analysis. 


11 .5 Interference Check Solutions (ICS): 


11 .5.1 The ICS (Section 10.1 5 & 1 0.16) must be analyzed at the beginning of an 
analytical sequence and every 8 hours during the analytical run. 


11 .5.2 Must meet accuracy performance criteria of 80-120% as outlined in the 
applicable LIMS test code. 


11 .5.3' Internal standard criteria must be achieved for each ICS analysis. 


11 .6 Continuing Calibration Verification (CCV): 


11 .6.1 A same source standard must be analyzed at the beginning of each daily 
batch, after a maximum of 1 0 samples run (including the Method Blank, LCS, 
and MS/MSD), and at the end of the analytical run. 


11 .6.2 Must meet accuracy performance criteria of 90-110% as outlined in the 
applicable LIMS test code. 


11 .6.3 Internal standard criteria must be achieved for each CCV analysis. 


11.7 Low-Level Continuing Calibration Verification (LLCCV): 


11 .7.1 A low-level sample (section 1 0.20) must be analyzed at the beginning of each 
daily sequence, after a maximum of 1 0 samples run (including QC), and at the 
end of the analytical sequence. 


11 .7.2 Must meet accuracy performance criteria of 70-130%, for samples of a similar 
concentration, as outlined in the applicable LIMS test code. 


11 .7.3 Internal standard criteria must be achieved for each LLCCV analysis. 


12) Sample Preparation/ Analysis 


1 2.1 Digestion procedures are presented in the applicable sample preparation SOP (HN-MET-
009 and HN-MET-01 0). 


12.2 When internal standard response falls outside acceptance criteria (<70% for 6020A and 
<60% or> 12 5% for 200.8), dilute the sample and reanalyze. 


12.3 Typical Analytical Sequence: 


1 2.3 .1 Initial Calibration curve, minimum four standards and a blank 


.1 
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12.3.2 Initial Calibration Verification standards (once daily) 
12.3 .3 Initial Calibration Verification Blank (once daily) 
12.3.4 Low-Level Initial Calibration Verification Standard (once daily) 
12.3.5 Interference Check Sample A (ICSA) 
12.3.6 Interference Check Sample AB (ICSAB) 
12.3.7 Continuing Calibration Verification (CCV) 
12.3.8 Low-Level Continuing Calibration Verification Standard (LLCCV) 
1 2.3 .9 Continuing Calibration Blank (CCB) 
12.3 .1 0 Method blank (one MB per preparation batch of 20 or less) 
12.3.11 Laboratory Control Sample (one per preparation batch of 20 or less) 
12.3.12 Client sample(s) 
12.3 .1 3 Matrix spike 


12.3.13.1 For Method 200.8, prepare at a 10% frequency (one per every 10 
samples) 


1 2.3 .1 3.2 For Method 6020A, prepare at a 5% frequency (one per preparation 
batch of 20 or less) 


12.3.14 Matrix spike duplicate 


12.3.14.1 For Method 200.8, prepare at a 10% frequency (one per every 10 
samples) 


12.3.14.2 For Method 6020A, prepare at a 5% frequency (one per preparation 
batch of 20 or less) 


12.3.1 5 Continuing Calibration Verification Standard (CCV after every 10 samples) 
12.3.16 Continuing Calibration Blank (CCB after every ten samples) 
12.3.17 Low-Level Continuing Calibration Verification Standard (LLCCV after every 10 


samples) 
12.3 .1 8 Client samples and batch QC samples (dilution test sample, PDS, MB, LCS and 


MS) -total of ten or less samples 
12.3.19 Continuing Calibration Verification Standard (CCV at end of analytical 


sequence) 
12.3.20 Continuing Calibration Blank (CCB at end of analytical sequence) 
12.3.21 Low-Level Continuing Calibration Verification Standard (LLCCV at end of 


analytical sequen'ce) 


12.4 Dilution test: 


12 .4.1 If the analyte concentration is within the linear dynamic range of the 
instrument and sufficiently high (minimally, a factor of at least 100 times 
greater than the concentration in the reagent blank), an analysis of a fivefold 
dilution must agree within ± 1 0% of the original determination. If not, an 
interference effect must be suspected. 


12.5 Post-Digestion Spike (PDS) Addition: 


12.5.1 An analyte spike added to a portion of a prepared sample should fall within 
the laboratory derived acceptance criteria. 


12.5.2 The spike addition should be based on the indigenous concentration of each 
element of interest in the sample. 


12.5.3 If the spike is not recovered within the specified limits, the sample should be 
diluted and reanalyzed to compensate for the matrix effect. 


12.5.4 Results must agree to within 10% of the original determination. 







Uncontrolled Document


A 


12.6 


STANDARD OPERATING PROCEDURE 
Metals by ICP-MS 
HN-MET-008-RO? 
Effective: 1 0/01/201 3 
Page 14 of 34 


12.5 .5 


12.5.6 


The use of a standard-addition analysis procedure may also be used if the 
dilution technique proves inconclusive. 
Post Digestion Preparation: 


12.5.6.1 To a 10 ml portion of digestion sample, add 100 Ill of Metals mix 
standard I. (Section 1 0.6.1) 


12.5.6.2 The theoretical spike is 100 ug/L for the trace metals, 10,000 ug/L 
for minerals, and 500 ug/L for Boron. 


Method of Standard Additions (MSA): 


12.6.1 When MS/MSD and PDS criteria are not met, the method of standard additions 
may be used to determine an accurate analyte level. 


12.6.2 The MSA is an extension of the PDS where three PDS are performed on the 
same sample. 


12.6.2.1 Ideally, the first PDS is spiked at approximately 50% of the 
estimated analyte concentration. The second PDS is spiked at 
,.., 1 00% and the third at,.., 1 50%. 


12.6.3 The MSA analyte concentration is determined using linear regression using 
the four data points. An MS Excel spreadsheet calculation is employed to 
calculate results from MSA. 


13) Troubleshooting 


13.1 Refer to Agilent 7500ce hardware manual for specific technical troubleshooting 
guidance. 


14) Data Acquisition 


14.1 Create a prep batch (as applicable) in LIMS. 


14.2 The data acquired is transferred via Chemstation™ to LIMS electronically. Calculations 
are performed by Chemstation™ software and LIMS. 


14.3 Analyst review of data is performed on the raw data and in LIMS prior to being 
validated. If results are above the analytes detectable range, it will be reported as "------
----". Appropriate dilutions must be performed to generate reportable data. 


1 5) Calculation, and Data Reduction Requirements 


1 5.1 Calculation of Linear Regression Correlation Coefficient, r 


Where: 


2:XY-2:X2:Y 


r = ----r========n====== 
(LX2- (2:X)2 )(LY2- (Z:Y )2) 


n n 


X= individual values for independent variable 
Y = individual values for dependent variable 
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df = n-2 


1 5.2 Calculation of the CCV% drift: 
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1 5.2.1 %Drift= [(Calculated cone- Theoretical cone) x 1 00] I Theoretical cone 


1 5.3 The calibration curve versus sample response data produces the metal concentration in 
solution. 


1 5.3.1 Equation for water samples: 


Concentration(ug I L) = Sample Response(ug I L)x Dilution Factor (If Applicable) 


15.3.2 Equation for soil samples (external calibration): 


. Sample Response( ug I L )xFV . . 
Concentration(ug I kg)= x Dll. Factor (If Applzcable) 


Weight of Sample (g) 


Where: 
FV = final volume of digestion, ml 


15.3.3 If additional dilutions are used, the result must be multiplied by the total 
dilution factor. 


1 5.4 OC Calculations: Calculate the percent recovery for various QC samples (MS, MSD, 
LCS) according to the following equations: 


1 5 .4.1 % Recovery, %R (for MS/MSD and LCS) 


Where: 


%R = (SSR-SR)xlOO 
SA 


SSR = Spiked Sample Result (mg/L or mg/kg). 
SR = Sample Result (unspiked) 
SA = Spike Amount Added (mg/L or mg/kg). 


1 5 .4.2 % Recovery, %R (for standards and CCV) 


Where: 
SSR = 
SA = 


(SSR) 
%R = xlOO 


SA 


Spiked Sample Result (mg/L or mg/kg). 
Spike Amount Added (mg/L or mg/kg). 
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15.4.3 % RPD (for precision or replication evaluation) 


%RPD = ISRl -SR21 xlOO 
Yz(SR1 +SR2) 


Where: 
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SR
1 


Sample result for replicate 1 . 
SR


2 
= Sample result for replicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Instrument Detection Limit (IDL) 


16.1 .1 IDL determinations should be determined every three months and maintained 
with the instrument logbook. 


16.1 .2 IDL determinations are to be completed by averaging the standard deviations 
of seven measurements of a reagent blank, over a minimum of three non
sequential analytical runs. 


16.2 Initial Calibration: 


16.2 .1 A calibration curve must be generated daily or whenever ICV /CCV fail to 
achieve acceptance criteria. 


16.2 .2 Acceptance Criteria: 


16.2 .2 .1 Curve must be determined from a minimum of four standards and a 
calibration blank. 


16.2.2.2 The regression coefficient "r" must be ~0.998 
16.2.2.3 All responses must be based upon the average of three integrations 


at a minimum 


16.2.3 Curve Failure Corrective Action: 


16.2.3.1 Check standards and/or perform maintenance as necessary to 
correct problem. 


16.2.3.2 Process a new initial calibration curve 


16.3 Initial Calibration Verification (ICV): 


16.3 .1 Perform daily after generation of the initial calibration curve. 
16.3.2 Acceptance criteria: 


16.3.2.1 Must meet accuracy performance criteria of 90-110% as outlined in 
the applicable LIMS test code. 


16.3.3 ICV Failure Corrective Action: 


16.3.3.1 Evaluate condition and age of standards being used and/or perform 
any needed system maintenance. 


16.3.3.2 Reanalyze the ICV and /or generate a new calibration curve as 
necessary to achieve acceptable calibration criteria. 


\J ·r N 
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16.4 Low-Level Initial Calibration Verification (LLICV): 
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16.4.1 Perform daily after generation of the initial calibration curve. 
16.4.2 Acceptance criteria: 


1 6.4.2 .1 Must meet accuracy performance criteria of 70-1 30% as outlined in 
the applicable LIMS test code. 


16.4.3 LLICV Failure Corrective Action: 


16.4.3.1 Evaluate condition and age of standards being used and/or perform 
any needed system maintenance. 


16.4.3.2 Reprocess the LLICV and /or generate a new calibration curve as 
necessary to achieve acceptable calibration criteria. 


16.5 Continuing Calibration Verification (CCV): 


16.5.1 The CCV must be run prior to sample analysis, after every 10 samples 
(including QC samples), and at the end of the analytical sequence. 


16.5.2 Acceptance Criteria: 


16.5.2.1 Must meet accuracy performance criteria of 90-110% as outlined in 
the applicable LIMS test code. 


16.5.3 CCV failure Corrective Action: 


16.5 .3 .1 If the calibration does not meet the criteria, re-analyze the 
standard. 


16.5.3.2 If subsequent analysis is outside of criteria, perform a new 
calibration curve. 


16.5.3.3 All samples processed following the last acceptable CCV must be 
re-analyzed. 


16.6 Low-Level Continuing Calibration Verification (LLCCV): 


16.6.1 The LLCCV must be run prior to sample analysis, after every 1 0 samples 
(including QC samples), and at the end of the analytical sequence. 


16.6.2 Acceptance Criteria: 


16.6.2.1 Must meet accuracy performance criteria of 70-130% for analytes of 
a similar concentration, as outlined in the applicable LIMS test code. 


16.6.3 LLCCV failure Corrective Action: 


16.6.3.1 If the calibration does not meet the criteria, re-analyze the 
standard. 


16.6.3 .2 If subsequent analysis remains outside of criteria, perform a new 
calibration curve. 


16.6.3.3 All samples of similar concentration (<CCV), processed following 
the last acceptable LLCCV must be re-analyzed. 


16.7 Continuing Calibration Blank (CCB): 


16.7 .1 The calibration blank must be run prior to sample analysis, after every 1 0 
samples (including QC samples), and at the end of the analytical sequence. 


H ! C ll 'f S 0 L l l T I f\l 







Uncontrolled Document


STANDARD OPERATING PROCEDURE 
Metals by ICP-MS 
HN-MET-008-RO? 
Effective: 10/01/201 3 
Page 18 of 34 


16.7 .2 Acceptance Criteria: 


16.7.2.1 All analytes are must be less than three times the IDL. 


16.7 .3 CCB failure Corrective Action: 


16.7.3.1 If the calibration blank does not meet the criteria, re-analyze the 
blank. 


16.7 .3 .2 If subsequent analysis falls outside of criteria, perform any 
necessary maintenance and perform a new calibration curve. 


16.7.3.3 All samples processed following the last acceptable CCB must be 
re-analyzed. 


16.8 Linear Dynamic Range (LOR) Assessment 


16.8.1 A LOR sample must be processed to assess linearity above the highest 
calibration standard. 


16.8.2 Acceptance Criteria: 


16.8.2.1 All analytes are must be within 10% of the true value of the LOR 
standard. 


16.8.2.2 Sample concentrations greater than 90% of the LOR must be diluted 
and re-analyzed. 


16.8.2.3 The LOR should be verified every 6 months (minimally) or whenever 
a modification in instrument hardware or operating conditions 
presents the potential for a change in the LOR. 


16.8.3 LOR assessment failure Corrective Action: 


16.9 Blanks: 


16.8.3.1 If the LOR does not meet criteria for an analyte, no data for that 
analyte falling between the highest calibration standard and the 
LOR standard can be reported. 


16.9.1 Rinse Blank(s) 


16.9.1 .1 Rinse blanks should be used to flush system components between 
blanks, standards, and samples. 


16.9.1 .2 Allow sufficient time to remove traces of the previous sample prior 
to new sample introduction. 


16.9.1 .3 Rinse blanks are not to be routinely run before QC samples. If 
carryover is an issue, rinse-out times may need to be addressed. 


16.9.2 Calibration Blank(s) 


16.9.2.1 See Section 16.7. 


16.9.3 Method Blank(s) 


16.9.3.1 A method blank must be processed with each batch of 20 or less 
samples of the same matrix and prepared on the same working 
shift. 


16.9.3.2 Acceptance Criteria: 
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16.9.3.2.1 All analytes of interest should be less than one half the PQL 
and must be less than the PQL. 


16.9.3.2.2 Method blank values exceeding the PQL indicate 
laboratory/reagent contamination and should be considered 
suspect. 


16.9.3.2.3 Method blank values exceeding the PQL may be considered 
useable if: 


16.9.3.2.3.1 The blank analyte concentration is< 5% of the 
sample analyte concentration, 


16.9.3 .2 .3 .2 less than 5% of the regulatory limit, 
16.9.3 .2 .3 .3 or less than 3 times the MDL (whichever is greater), 
16.9.3.2.3.4 All associated samples are appropriately qualified, 


and Project Management notification/approval is 
completed. 


16.9.3 .2 .4 Other approved QA program requirements must be followed 
when the acceptable blank contamination specified in the 
approved QA project plan differs from the above. 


16.9.3.3 Corrective Action: 


16.9.3.3.1 If the method blank results do not meet the acceptance 
criteria above, then the laboratory must take corrective 
action to locate and reduce the source of the contamination. 


16.9.3.3.2 All samples associated with the contaminated method blank 
must be reprocessed. 


16.9.3.3.3 If samples cannot be reprocessed due to insufficient sample 
volume or other similar circumstances, a non-conformance 
must be documented in the data checklist for the analytical 
run. This must provide sufficient detail for project narration 
and to ensure all appropriate data flags are entered into 
LIMS. 


16.9.3.3.4 Data reported with an associated contaminated method 
blank must be flagged with a "B". 


16.1 0 Laboratory Control Sample (LCS): 


16.1 0.1 The LCS must be processed with each batch of 20 or less samples of the same 
matrix and processed on the same shift. 


1 6.1 0.2 Acceptance Criteria: 


16.1 0.2.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.1 0.3 LCS Corrective Action: 


16.1 0.3.1 If the LCS recovery does not meet acceptance criteria, the sample 
batch must be reprocessed. 


16.1 0.3.2 If samples cannot be reprocessed due to insufficient sample volume 
or other similar circumstances, a non-conformance must be 
documented in the data checklist for the analytical run. This must 
provide sufficient detail for project narration and to ensure all 
appropriate data flags are entered into LIMS. 
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16.1 0.3.3 Data reported with a failed LCS must be flagged and narrated as to 
potential bias characteristics. 


16.11 Low-level Quality Control Sample (LLQC): 


16.11 .1 The LLQC must be processed quarterly. 
16.11 .2 Acceptance Criteria: 


16.11 .2.1 Must meet accuracy performance criteria of 70-130% as outlined in 
the applicable LIMS test code. 


16.11 .3 LLQC Corrective Action: 


16.1 1 .3 .1 If the LLQC recovery does not meet acceptance criteria, investigate 
the cause of the failure. 


1 6.11 .3 .2 Reprocess the LLQC once the cause of the failure has been 
identified and corrected. 


1 6.1 1 .3 .3 If a cause cannot be identified and corrected, spike LLQC at a 
higher concentration, process, and adjust PQLs accordingly. 


16.1 2 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 


16.12.1 A MS/MSD pair must be processed at a 1 0% frequency for Method 200.8 and 
at a 5% frequency for Method 6020A. MS/MSD samples must be of the same 
matrix and processed during the same working shift. 


16.1 2.2 Acceptance Criteria: 


16.1 2.2 .1 Must meet accuracy and precision performance criteria as outlined 
in the applicable LIMS test code. 


16.1 2.2 .2 Recovery values should not be evaluated if the spike concentration 
is less than 2 5% of the parent concentration. 


16.1 2.3 MS/MSD Corrective Action: 


q 


16.1 2.3 .1 If the MS/MSD pair generates recovery values outside acceptance 
criteria, the deviation may be due to matrix effects. The LCS, 
internal standard recoveries, and calibration results must all be 
evaluated in order to determine if matrix interference is present. 
(Note that the MS/MSD are used to evaluate the matrix effect, not 
to control the analytical process.) If both the MS/MSD fall outside 
accuracy criteria for the same analyte, a matrix effect is suspected, 
assuming the LCS achieves accuracy criteria, and all internal 
standard recoveries are consistent. 


As an example, if the matrix spikes exhibit low recovery but good precision, 
laboratory control samples exhibit acceptable accuracy, and internal standard 
recovery is consistent, the presence of matrix interference is probable. 


16.12.3.2 If the MS/MSD pair generates inconsistent recovery values and/or 
suspect LCS values are present, laboratory error (and not matrix 
inference) is suspected. 


[, l I rr; r., :) ( 


As an example, if precision between the MS/MSD pair is poor and the LCS 
presents divergent results, the presence of laboratory error is probable. 
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16.12.3.3 If the MS/MSD fails acceptance criteria, the data must be evaluated 
for error or possible matrix effect. 


16.12.3.4 If laboratory error is indicated, all associated samples must be 
reprocessed. If samples cannot be reprocessed due to limited 
sample volume or other similar circumstances, all reported values 
must be qualified and narrated as to potential bias or usability. 


16.12.3.5 If matrix interference is indicated, associated samples may be 
reported with appropriate qualification and narration. 


16.12.3.6 A non-conformance must be documented in the data checklist for 
either scenario and must contain sufficient detail for project 
narration and to ensure all appropriate data qualifiers have been 
entered into LIMS. 


16.1 3 Internal Standards (IS): 


16.1 3.1 Internal standards must be added to all samples with the exception of the 
ICPMS tuning solution. We utilize an automatic internal standard introduction 
system via a peristaltic pump. 


1 6.1 3.2 Acceptance Criteria: 


16.1 3.2 .1 For samples processed according to US EPA 6020A, the IS results 
must be >70% of the original response in the initial calibration. 


16.1 3.2.2 For samples processed according to USEPA 200.8, the IS results 
must fall between 60%-1 2 5% of the original response in the initial 
calibration. 


16.13.2.3 Analytical results associated with IS failures may not be reported. 


16.1 3.3 IS failure corrective action: 


16.13.3.1 If criteria are not met, the cause of the problem must be 
determined, corrected, and the samples re-analyzed. 


16.13.3.2 The sample must undergo a five-fold (1 +4) dilution to alleviate 
potential matrix interference. Note: Greater dilutions may be 
necessary for samples contributing significant matrix interference. 


16.1 3.3.3 Samples undergoing a necessary dilution due to IS failure must be 
notated as such if the target analyte concentration falls below the 
reporting limit. 


16.1 3.3.4 If samples cannot be re-analyzed, all associated results must be 
qualified as "Unusable". 


16.14 Reported Analyte Concentration 


16.14.1 Reported concentrations for applicable analytes must be reported from the 
least dilute analysis that achieves all required quality control parameters. 


16.1 5 Interference Check Solution: 


16.1 5.1 The interference check solutions must be processed at the beginning of each 
analytical sequence and every 8 hours during an analytical run. 


16.1 5.2 Acceptance Criteria: 


16.1 5.2.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 
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16.1 5.2 .2 All internal standard criteria must be achieved for the interference 
check solution analysis. 


16.1 5.3 Interference Check Solution Failure 


16.15.3.1 All samples associated with a failure of the ICS must be 
reprocessed. 


16.1 5.3 .2 If samples cannot be re-analyzed, all sample results must be 
qualified as unusable. 


16.1 6 Dilution Test Check 


16.1 6.1 If the sample analyte concentration is within the linear dynamic range and 
sufficiently high (> 1 00 times the reagent blank), a sample dilution test should 
be completed at a five-fold dilution. 


16.1 6.2 Acceptance Criteria 


16.1 6.2 .1 Must meet precision performance criteria as outlined in the 
applicable LIMS test code. 


16.16.3 Dilution Test Failure 


16.16.3.1 In the event of a dilution test failure, the sample must be closely 
inspected for indications of matrix interference. 


16.1 6.3 .2 A post digestion spike or standard addition should be completed 
on the failed sample to verify matrix interference. 


16.1 7 Post Digestion spike requirements 


16.17.1 One post digestion spike (PDS) must be completed for each batch of~ 20 
samples. 


16.1 7.2 The PDS should be spiked at the same level as the MS/MSD. 
16.1 7.3 Acceptance Criteria 


16.17.3.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.1 7.4 PDS Failure 


16.1 7 .4.1 If the spike is not recovered within the recommended limits, the 
sample must be diluted and reanalyzed. 


16.1 7.4.2 The results of the diluted re-analysis must agree within± 10% of 
the original determination. 


16.17.4.3 If the PDS fails the various acceptance criteria, the sample should 
be processed using standard additions as detailed in Section 12.6. 


16.1 8 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


1 7) Data Records Management 


1 7.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
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the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


Complete all pertinent sections in the respective logbooks. If not-applicable then line 
out the section. "Z" out or "X" out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data. 


Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


Logbooks must be reviewed monthly by the department supervisor. 


Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


1 8.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible. 


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated. This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate). 


1 8.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data. 


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


1 9) Method Performance 


19.1 Demonstration of Proficiency: 


19.1 .1 Initial Demonstration of Proficiency 


19.1 .1.1 The laboratory must determine linear dynamic range, method 
detection limits, and evaluation of quality control samples prior to 
sample analysis by this procedure. 


19.1 .2 Routine Demonstration of Proficiency 


19.1 .2.1 Each analyst must demonstrate initial proficiency with sample 
preparation and/or analytical determination by generating 4 sets of 
data of acceptable accuracy and precision for target analytes in a 
clean matrix. 







Uncontrolled Document


20) 


STANDARD OPERATING PROCEDURE 
Metals by ICP-MS 
HN-MET-008-RO? 
Effective: 10/01/201 3 
Page 24 of 34 


19.1.2.2 Each analyst must demonstrate ongoing proficiency annually with 
each sample preparation and/or analytical determination method 
by generating 4 sets of data of acceptable accuracy and precision 
for target analytes in a clean matrix or by passing performance in 
approved PT evaluations. 


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed on instrumentation (ex: change 
detector, auto-sampler, etc.). 


19.3 On-going laboratory performance must be documented via performance evaluation 
studies and must be completed approximately every 6 months. 
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R07 1 0/1 /1 3 CES 


Sec. 12.3.11 removed; Sec. 16.6.3.3 (<CCV) added; 
Sec. 16.11.3.1 ,2,3 amended; removed Sec. Heading 
16.12.4 
Formatting; Change hold time of lab-filtered 
sam les from 16 hours to 24 hours. 
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Table 20.1-A 


Analyte List: SW 846-6020A 


Aluminum (AI) 7429-90-5 
Antimony (Sb) 7440-36-0 
Arsenic (As) 7440-38-2 
Barium (Ba) 7440-39-3 
Beryllium (Be) 7440-41-7 
Cadmium (Cd) 7440-43-9 
Calcium (Ca) 7440-70-2 
Chromium (Cr) 7440-47-3 
Cobalt (Co) 7440-48-4 
Copper (Cu) 7440-50-8 
Iron (Fe) 7439-89-6 
Lead (Pb) 7439-92-1 
Magnesium (Mg) 7439-95-4 
Manganese (Mn) 7439-96-5 
Molybdenum (Mo) 7439-98-7 
Nickel (Ni) 7440-02-0 
Potassium (K) 7440-09-7 
Selenium (Se) 7782-49-2 
Silver (Ag) 7440-22-4 
Sodium (Na) 7440-23-5 
Thallium (Tl) 7440-28-0 
Vanadium (V) 7440-62-2 
Zinc (Zn) 7440-66-6 


(Additional analytes may be added based upon appropriate performance data.) 
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Table 20.1-B 


Analyte List: Method 200.8 


Aluminum (AI) 7429-90-5 
Antimony (Sb) 7440-36-0 
Arsenic (As) 7440-38-2 
Barium (Ba) 7440-39-3 
Beryllium (Be) 7440-41-7 
Cadmium (Cd) 7440-43-9 
Calcium (Ca) 7440-70-2 
Chromium (Cr) 7440-47-3 
Cobalt (Co) 7440-48-4 
Copper (Cu) 7440-50-8 
Iron (Fe) 7439-89-6 
Lead (Pb) 7439-92-1 
Magnesium (Mg) 7439-95-4 
Manganese (Mn) 7439-96-5 
Molybdenum (Mo) 7439-98-7 
Nickel (Ni) 7440-02-0 
Potassium (K) 7440-09-7 
Selenium (Se) 7782-49-2 
Silver (A g) 7440-22-4 
Sodium (Na) 7440-23-5 
Thallium (Tl) 7440-28-0 
Vanadium (V) 7440-62-2 
Zinc (Zn) 7440-66-6 


(Additional analytes may be added based upon appropriate performance data.) 
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Analyte 


Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Potassium 
Magnesium 
Manganese 
Molybdenum 


Nickel 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Zinc 
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TABLE 20.2- LCS ACCEPTANCE CRITERIA FOR METALS ANALYSIS BY ICP/MS 


Water 6020A 6020A 200.8 200.8 Soil Soil 


SpikeAmt, Water Water Water Water Spike Lower 


mg/L Lower Upper Lower Upper Amt, %R 
%R %R %R %RLimit mg/Kg Limit 


Limit Limit Limit 


0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
10.0 80 120 85.0 115 500 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
10.0 80 120 85.0 115 500 80 
0.1 80 120 85.0 115 5 80 
10.0 80 120 85.0 115 500 80 
10.0 80 120 85.0 115 500 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
10.0 80 120 85.0 115 500 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 
0.1 80 120 85.0 115 5 80 


{~' 
,'l 


Soil 
upper 


%R 
Limit 


120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
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Internal Standard Criteria for CCV, CCB and samples; Determined by CLP Method 


CCV &CCB Isotope Ref Lower Upper Samples Isotope Ref Lower Upper 
IS % % andQC IS % % 


samples 
Li 7 Sc - - Li 7 Sc - -
Be 9 Sc - - Be 9 Sc - -
B 11 Sc - - B 11 Sc - -
Na 23 y - - Na 23 y - -
Mg 24 y - - Mg 24 y - -
AI 27 y - - AI 27 y - -
K 39 y - - K 39 y - -
Ca 44 y - - Ca 44 y - -


Sc (IS) 45 - 80 120 Sc (IS) 45 - 70 -
Ti 47 y - - Ti 47 y - -
v 51 y - - v 51 y - -


Cr 53 y - - Cr 53 y - -
Mn 55 y - - Mn 55 y - -


Fe 56 y - - Fe 56 y - -
Co 59 y - - Co 59 y - -
Ni 60 y - - Ni 60 y - -
Cu 63 y - - Cu 63 y - -
Zn 66 y - - Zn 66 y - -
As 75 y As 75 y - -
Se 82 y - - Se 82 y - -
Sr 87 y - - Sr 87 y - -


y (IS) 89 - 80 120 y (IS) 89 - 70 -
Mo 98 y - - Mo 98 y - -


Ag 107 In (2), y (3) - - Ag 107 In (2), y (3) - -
Cd 111 In - - Cd 111 In - -


In (IS) 115 - 80 120 In (IS) 115 - 70 -
Sn 118 In - - Sn 118 In - -
Sb 121 In (2), y (3) - - Sb 121 In (2), y (3) - -
Ba 135 In - - Ba 135 In - -
Tl 203 Bi - - Tl 203 Bi - -
Pb 207 Bi - - Pb 207 Bi - -


Bi (IS) 209 - 80 120 Bi (IS) 209 - 70 -
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Internal Standard Criteria for CCV, CCB and samples; Determined by CLP Method 


CCV &CCB Isotope Ref Lowe Upper Samples Isotope Ref Lowe Upper 
IS r% % andQC IS r% % 


samples 
Li 7 Sc - - Li 7 Sc - -
Be 9 Sc - - Be 9 Sc - -
B 11 Sc - - B 11 Sc - -
Na 23 y - - Na 23 y - -
Mg 24 y - - Mg 24 y - -
AI 27 y - - AI 27 y - -
K 39 y - - K 39 y - -
Ca 44 y - - Ca 44 y - -


Sc (IS) 45 - 80 120 Sc (IS) 45 - 60 125 
Ti 47 y - - Ti 47 y - -
v 51 y - - v 51 y - -


Cr 53 y - - Cr 53 y - -
Mn 55 y - - Mn 55 y - -


Fe 56 y - - Fe 56 y - -
Co 59 y - - Co 59 y - -


Ni 60 y - - Ni 60 y - -
Cu 63 y - - Cu 63 y - -


Zn 66 y - - Zn 66 y - -
As 75 y As 75 y - -
Se 82 y - - Se 82 y - -
Sr 87 y - - Sr 87 y - -


y (IS) 89 - 80 120 y (IS) 89 - 60 125 
Mo 98 y - - Mo 98 y - -
Ag 107 In (2), y (3) - - Ag 107 In (2), y (3) - -


Cd 111 In - - Cd 111 In - -
In (IS) 115 - 80 120 In (IS) 115 - 60 125 


Sn 118 In - - Sn 118 In - -
Sb 121 In (2), y (3) - - Sb 121 In (2), y (3) - -
Ba 135 In - - Ba 135 In - -
Tl 203 Bi - - Tl 203 Bi - -
Pb 207 Bi - - Pb 207 Bi - -


Bi (IS) 209 - 80 120 Bi (IS) 209 - 60 125 
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Internal Standard Criteria for CCV, CCB and samples; Determined by ORS Method 


CCV &CCB Isotope Ref Lower Upper Samples and Isotope Ref Lower Upper 
IS % % QC samples IS % % 


Li (IS) 6 - 80 120 Li 6 - 70 -
Li 7 Li - - Li 7 Li - -
Be 9 Li - - Be 9 Li - -
B 11 Li - - B 11 Li - -
Na 23 Ge - - Na 23 Ge - -
Mg 24 Ge - - Mg 24 Ge - -
AI 27 Ge - - AI 27 Ge - -
K 39 Ge - - K 39 Ge - -
Ca 44 Ge - - Ca 44 Ge - -
Ti 47 Ge - - Ti 47 Ge - -
v 51 Ge - - v 51 Ge - -
Cr 53 Ge - - Cr 53 Ge - -
Mn 55 Ge - - Mn 55 Ge - -
Fe 56 Ge - - Fe 56 Ge - -
Co 59 Ge - - Co 59 Ge - -


Ni 60 Ge - - Ni 60 Ge - -
Cu 63 Ge - - Cu 63 Ge - -


Zn 66 Ge - - Zn 66 Ge - -
Ge (IS) 72 - 80 120 Ge (IS) 72 - 70 -


As 75 Ge As 75 Ge - -
Se 82 Ge - - Se 82 Ge - -


Sr 87 Ge - - Sr 87 Ge - -
Mo 98 Ge - - Mo 98 Ge - -
Ag 107 In(2) Ge(3) - - Ag 107 In(2) Ge(3) - -
Cd 111 In - - Cd 111 In - -


In (IS) 115 - 80 120 In (IS) 115 - 70 -
Sn 118 In - - Sn 118 In - -
Sh 121 ln(2) Ge(3) - - Sh 121 ln(2) Ge(3) - -
Ba 135 In - - Ba 135 In - -


Tl 203 Bi - - Tl 203 Bi - -
Ph 207 Bi - - Ph 207 Bi - -


Bi (IS) 209 - 80 120 Bi (IS) 209 - 70 -
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Internal Standard Criteria for CCV, CCB and samples; Determined by ORS Method 


CCV &CCB Isotope Ref Lower Upper Samples and Isotope Ref Lower Upper 
IS % % QC samples IS % % 


Li (IS) 6 - 80 120 Li 6 - 60 125 
Li 7 Li - - Li 7 Li - -
Be 9 Li - - Be 9 Li - -
B 11 Li - - B 11 Li - -


Na 23 Ge - - Na 23 Ge - -
Mg 24 Ge - - Mg 24 Ge - -
AI 27 Ge - - AI 27 Ge - -
K 39 Ge - - K 39 Ge - -
Ca 44 Ge - - Ca 44 Ge - -
Ti 47 Ge - - Ti 47 Ge - -
v 51 Ge - - v 51 Ge - -
Cr 53 Ge - - Cr 53 Ge - -
Mn 55 Ge - - Mn 55 Ge - -
Fe 56 Ge - - Fe 56 Ge - -
Co 59 Ge - - Co 59 Ge - -
Ni 60 Ge - - Ni 60 Ge - -
Cu 63 Ge - - Cu 63 Ge - -
Zn 66 Ge - - Zn 66 Ge - -


Ge (IS) 72 - 80 120 Ge (IS) 72 - 60 125 
As 75 Ge As 75 Ge - -
Se 82 Ge - - Se 82 Ge - -
Sr 87 Ge - - Sr 87 Ge - -


Mo 98 Ge - - Mo 98 Ge - -
Ag 107 ln(2) Ge(3) - - Ag 107 In(2) Ge(3) - -
Cd 111 In - - Cd 111 In - -


In (IS) 115 - 80 120 In (IS) 115 - 60 125 
Sn 118 In - - Sn 118 In - -
Sh 121 In(2) Ge(3) - - Sh 121 In(2) Ge(3) - -
Ba 135 In - - Ba 135 In - -
Tl 203 Bi - - Tl 203 Bi - -
Ph 207 Bi - - Ph 207 Bi - -


Bi (IS) 209 - 80 120 Bi (IS) 209 - 60 125 
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Summary of Calibration and QC Procedures for Method 200.8 & 6020A 


QC Check Minimum Acceptance Corrective 
Frequency Criteria Action a 


ICPMS tuning Prior to initial RSD < 5%. Amu +/- 0.1 Retune instrument then 
sample. calibration and true value. reanalyze tuning solution. 


calibration 
verification. 


Initial calibration Daily initial r > 0.998. N/A. 
(minimum 4 calibration prior to 
standards and a sample analysis. 
blank). 


Initial Calibration Daily after initial All analytes within ±10% Correct problem and 
verification (second calibration, of expected value. repeat initial calibration. 
source). 


Calibration blank. Before beginning a No analytes detected Correct problem then 
sample run, after > 3 X IDL. analyze calibration blank 
every 10 samples and and previous 1 0 samples. 
at end of the analysis 
sequence. 


Calibration Before beginning a All anal yte( s) within Correct problem then 
verification sample run, after ±1 0% of expected value. repeat calibration and 
(Instrument Check every 10 samples and reanalyze all samples 
Standard). at the end of the since last successful 


analysis sequence. calibration. 


Demonstrate ability Once per analyst. Recalculate results; locate 
to generate All analyte(s) within± and fix problem with 
acceptable accuracy 20% of the expected system and then rerun 
and precision using value. demonstration for those 
four replicate LCS analytes that did not meet 
analyses. criteria. 


Method blank. One per preparation No analytes detected Correct problem, re-digest 
batch. >3 xMDL. and analyze method blank 


and all samples processed 
with the contaminated 
blank. 
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Summary of Calibration and QC Procedures for Method 200.8 & 6020A 


QC Check Minimum Acceptance Corrective 
Frequency Criteria Action a 


Interference check At the beginning of an ICS-A: All non-spiked Terminate analysis; locate 
solutions (ICS-A and analytical run and analytes < Yz MQL; and correct problem; 
ICS-AB). every 8 hours. Spiked analytes within reanalyze I CS; reanalyze 


±20% of true value. all affected samples. 
ICS-AB: Within ±20% of 
true value. 


LCS for the analyte. One LCS per All analytes within ± Correct problem, re-digest 
preparation batch. 15% ofthe expected and reanalyze the LCS 


value for 200.8 and+/- and all samples in the 
20% for 6020A. affected preparation 


batch. 


Dilution test. Each preparatory 5X dilution must agree Perform post digestion 
batch. within ±1 0% of the spike addition for failed 


original determination for analytes. 
analytes present at 
concentrations > 1 OOx 
concentrations found in 
reagent blank. 


Post digestion spike When dilution test Recovery within 80%- Dilute the sample; 
addition. fails. 120% of expected results. reanalyze post digestion 


spike addition. 


MS/MSD 5% frequency for QC advisory acceptance Describe in Laboratory 
6020A, 10% criteria, 70%- 130% for Review Checklist. 
frequency for 200.8. 200.8. 75% - 125% for 


6020A. 


Internal Standards Every sample. Sample IS intensity: SW Perform corrective action 
(ISs). 846-6020a samples must and/or dilution and 


meet > 70% criteria. reprocess all effected 
EPA 200.8 samples must samples. 
meet 60-125% criteria. 


MDL study. Performed Annually Detection limits None. 
established shall be 
< 1/3 the MQLs in 
Tables 21.1 
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Summary of Calibration and QC Procedures for Method 200.8 & 6020A 


QC Check Minimum Acceptance Corrective 
Frequency Criteria Action a 


IDL study. Performed Quarterly Average of standard None. 
deviation of reagent 
blank analyzed 7 times on 
at least 3 non-consecutive 
days. 


Low-level Initial Performed daily after 70%-130% of expected Correct problem and 
Calibration Initial calibration value spike at MQL. repeat initial calibration. 
Verification 
(LLICV) 


Low-level Performed before 70%-130% of expected Correct problem then 
Continuing analysis of samples value spike at MQL. repeat calibration and 
Calibration and after every 1 0 reanalyze all samples of 
Verification samples in the similar concentration 
(LLCCV) sequence. since last successful 


calibration verification. 
Low-level Quality OneLLQCper 70%-130% of expected Correct problem, re-digest 
Control Sample quarter. value spike at MQL. and reanalyze. If problem 
(LLQC) Carried through entire cannot be corrected, spike 


preparation process. at a higher concentration 
and update PQLs 
accordingly. 
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1 .1 This SOP is used to determine percent moisture in solid and semi-solid samples such 
as sediments and sludge. 


1.2 This SOP is based upon and compliant with Standard Methods 25408 and EPA 160.3. 


2) Summary of Procedure 


2.1 A well-mixed sample is evaporated in a weighed dish and dried to a constant weight in 
an oven at a temperature of 1 05°C. The increase in weight over that of the empty dish 
represents the total solids. Percent moisture is determined by calculation utilizing the 
total solids data. 


3) Definitions 


3.1 Dl: Deionized reagent water, meeting purity characteristics of ASTM Type II or better. 


3.2 Matrix: The component or substrate (e.g. surface water, groundwater, soil) containing 
the analyte of interest. 


3.3 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing and carried through the 
complete sample preparation and analytical procedure. 


3.4 Laboratory Control Sample (LCS): A clean, analyte-free matrix spiked with a known 
amount of target analyte(s) and carried through the complete preparation/analytical 
procedure. 


3.5 Solids: The term "solids" refers to matter that is suspended or dissolved in water or 
wastewater. 


3.6 Total Solids: Total solid is the term applied to the material residue left in the vessel 
after evaporation of a sample and its subsequent drying in an oven at a defined 
temperature. 


3.7 Percent Moisture: Percent moisture is the term applied to the material evaporated from 
the sample during the drying process. 


4) Health and Safety Warnings 


4.1 Lab Safety 


4.1.1 Due to various hazards in the laboratory, safety glasses, disposable gloves, 
and laboratory coats or aprons must be worn when working with unknown 
samples. In addition, heavy-duty gloves and a face shield are recommended 
when dealing with toxic, caustic, and/or flammable chemicals. 


4.1 .2 The toxicity or carcinogenicity of each reagent used has not been precisely 
defined. However, each chemical used must be treated as a potential health 
hazard and exposure reduced to the lowest possible level. The laboratory 
maintains a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses. 
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4.2.1 Procedures for sample disposal are documented in SOP HN-SAF-001, Waste 
Disposal Procedures. 


4.2.2 Samples must be disposed according to Federal, State, and local regulations. 


4.3 Pollution Prevention 


4.3.1 The quantities of chemicals purchased, when possible, must be based on the 
expected usage during its shelf life. 


4.3.2 Standards and reagents must be prepared in volumes consistent with 
laboratory use to minimize the volume of expired standards or reagents to be 
disposed. 


5) Cautions 


5.1 Exercise caution when removing samples from the ovens, as they will be hot. 


6) Interferences 


6.1 Weigh samples in an efficient and timely manner. Wet samples tend to lose weight by 
evaporation, and after drying or ignition, residues are often very hygroscopic. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities- This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst- It is the responsibility of the analyst(s) to: 


7.2.1 Read, understand, and follow this SOP as written. 
7.2.2 Produce contractually compliant data that meets all quality requirements 


using this procedure and the Data Reduction, Review and Validation SOP (HN
QS-009). 


7.2.3 Complete the required demonstration of proficiency before performing this 
procedure without supervision. 


7.2.4 Create and populate a data entry batch in LIMS for review by the Supervisor. 


7.3 Section Supervisor- It is the responsibility of the section supervisor to: 


7.3.1 Ensure that all analysts have the technical ability and have received adequate 
training required to perform this procedure. 


7.3.2 Ensure analysts have completed the required demonstration of proficiency 
before performing this procedure without supervision. 


7.3.3 Produce contractually compliant data that meets all quality requirements 
using this procedure and the Data Reduction, Review and Validation SOP (HN
QS-009). 
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7.4 Project Manager- It is the responsibility of the Project Manager to: 


7.4.1 Ensure that all contractual requirements for a client requiring this procedure 
are understood prior to initiating this procedure for a given set of samples. 


8) Sample Collection, Handling, and Preservation 


8.1 Sample collection bottles/jars- plastic or glass, approximately 1 Lor 4 oz. These are 
purchased by the laboratory and meet EPA specifications for sample containers. 


8.2 Preserve the samples with refrigeration at 4±2°C from the time of collection until 
analysis is performed. 


8.3 Samples should be placed in airtight containers immediately upon collection and 
maintained in the airtight container until analysis in order to minimize gains or losses 
in moisture from the atmosphere. 


9) Equipment and Supplies 


9.1 Desiccators (with indicating desiccant) 


9.2 Analytical balance -capable of weighing to the nearest 0.0001 g 


9.3 Drying oven at 1 05 ± 2oc 


9.4 Aluminum weighing dishes with tabs 


9.5 Crucibles and covers 


9.6 Spatulas 


9.7 Top-loading balance- capable of weighing to the nearest 0.01 g 


1 0) Standards and Reagents 


10.1 Dl water- ASTM Type II or better 


10.2 Sand- Ottawa Sand, purchased from an outside vendor and dried for at least 1 hour 
prior to use 


11) Method Calibration 


11 .1 Balances must be checked daily with Class "S" weights using 1 Og, 1 g, and 0.1 g weights 
and recorded in the balance calibration logbook for each balance. 


11 .2 Daily oven temperatures must be recorded on the temperature monitoring logs (as 
read from the thermometer). 


1 2) Sample Preparation/ Analysis 


12.1 Preparation of the evaporating dishes: 


12.1 .1 The crucibles are dried at 105 ± 2oc for 1 hour and stored in a dessicator 
prior to use. 
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12.2 Weigh and record the weight of the crucible or aluminum weighing dish in the Total 
Solids logbook or in the computer-generated worksheet. Tare the balance with the 
crucible still on it after recording the initial weight. 


12.3 Homogenize sample using formal subsampling techniques SOP (HN-QS-008) 


12.4 Weigh out 1 0-20g of thoroughly homogenized sample into a crucible or aluminum 
weighing dish. 


12.5 Record the wet weight of the sample in the Total Solids logbook or on the computer
generated worksheet. 


12.6 Dry the sample for 12 hours (or until constant weight is achieved) at 1 OS± zoe. Altered 
drying times can be used per client or project management request, but samples must 
be in the oven for a minimum of 1 hour. 


12.7 Remove the sample from the oven and cool in a dessicator for at least 1 hour. Weigh 
and record the weight in the Total Solids logbook or on the computer-generated 
worksheet. Repeat drying cycle until a constant weight is obtained, or until the weight 
change is < 4% or O.Smg (whichever is smaller) of the previous reading. 


12.8 Percent moisture values are determined by calculation using the data generated by 
performing the total solids test portion. 


1 3) Troubleshooting 


13.1 N/A 


14) Data Acquisition 


14.1 All data must be recorded in the Total Solids logbook. 


14.2 If the computer-generated worksheets are used, they must be initialed, dated, and 
stapled into the Total Solids logbook. 


1 5) Calculation, and Data Reduction Requirements 


15.1 Calculations: 


1 5.1.1 %Total Solids= dry weight x 100 
wet weight 


1 5.1 .2 %Moisture= 100-% Total Solids 


1 5.1 .3 Relative Percent Deviation (RPD) 


% RPD = [(SRl- SRill x 100 
~(SRI+ SR2) 


Where: 
SRI = sample result for replicate 1 
SR2 = sample result for replicate 2 


16) Quality Control, Data Assessment and Corrective Action 
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16.1 .1 Analyze a method blank with each analytical batch of 20 or fewer samples. 
16.1 .2 The analyzed concentration of analyte in the method blank should be < Yz PQL 


and must be < PQL. 
16.1.3 The blank must be subject to the same procedural steps as a sample. 
16.1 .4 Preparation: 


16.1 .4.1 Carry an empty crucible through the entire drying cycle. 


16.2 Duplicates 


16.2.1 Sample duplicates must be processed at a 10% frequency 
16.2.2 The RPD between duplicate analyses must meet precision performance criteria 


as outlined in the applicable LIMS test code. 


16.3 Laboratory Control Sample (LCS) 


16.3.1 Analyze a LCS with each analytical batch of 20 or fewer samples. 
16.3.2 Recovery of the LCS must meet accuracy performance criteria as outlined in 


the applicable LIMS test code. 
16.3.3 Preparation: Weigh out a portion of the pre-dried Ottawa Sand (Section 1 0.2) 


and carry the sample through the entire drying cycle. 


1 7) Data Records Management 


17.1 All samples must be recorded in the applicable analytical logbook or electronic record. 


17.2 Logbooks must be maintained for a period of 7 years prior to disposal. 


17.3 All electronic records must be maintained for a period of no less than 7 years. 


17.4 All final reports must be processed according to the guidelines documented in SOP HN
ADM-003, Work Order Reporting. Any subsequent revisions to previously finalized 
reports must be processed according the guidelines documented in SOP HN-QS-002, 
Report Revisions. 


1 8) Quality Assurance and Quality Control 


18.1 After analysis, the analyst must review raw data for accuracy, completeness, and 
notate any noted anomalies. 


18.2 Each batch analytical batch must be initialed and dated by the primary analyst. 


18.3 Each batch must be peer reviewed by the department supervisor (or designee) prior to 
finalization in LIMS (SOP HN-QS-009, Data Reduction, Review, and Validation). 


1 9) Contingencies for Handling Out of Control Data 


19.1 When method required QC failures occur, the source of the QC failure must be 
determined, corrected and sample re-analysis carried out when possible. 


19.2 When sample analysis cannot be repeated due to limitations on sample availability, or 
if reanalysis can only be performed after expiration of a sample hold time, the 
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reporting of data associated with failed QC data must be appropriately flagged and 
narrated to define the error effect upon the data quality. 


19.3 All analysts must report sufficient comments in LIMS so that project management can 
sufficiently narrate failed QC and ensure data qualifiers (flags) are properly assigned to 
the reported data. 


19.4 Nonconformance reports must be documented on the associated analytical data 
checklist. 


19.5 If the non-conformances are indicative of systemic or procedural errors, a corrective 
action, in conjunction with QA, must be documented and issued. 


20) Method Performance 


20.1 Each analyst must demonstrate initial proficiency with sample preparation and/or 
analytical determination by generating 4 sets of data of acceptable accuracy and 
precision for target analytes in a clean matrix. 


20.2 Each analyst must demonstrate ongoing proficiency annually with each sample 
preparation and/or analytical determination method by generating 4 sets of data of 
acceptable accuracy and precision for target analytes in a clean matrix or by passing 
performance in approved PT evaluations. 


21) Summary of Changes 
T bl 21 1 S f Ch a e ummary o anges 


Revision 
Effective Date Document Editor Description of Changes Number 


R02 7/1/12 CES Formatting 


22) References and Related Documents 


22.1 U.S. Environmental Protection Agency, Methods for Chemical Analysis of Waters and 
Wastes, EPA/600/4-79-020, Method 160.3. 


22.2 Standard Methods for the Examination of Water and Wastewater, 19'h Edition, Method 
2540B, 1995. 


22.3 ALS Environmental Quality Assurance Manual, Version 6.0 (or most current). 
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